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PREFACE. 



This elementary text-book of Metallurgy has been written 
on the lines laid down in the syllabus for that subject as pre- 
scribed by the Government Department of Science and Art.^ 

It is hoped that the work may prove of general utility to 
students, manufacturers, and workmen, and indeed to all who 
are interested in what must be considered as one of the most 
important of all the industrial arts carried on in this country. 

It must be remembered, however, that this little book is to 
be regarded only as an introduction to the study of Metallurgy, 
and that works of reference (such as are named in the Appen- 
dix) must be consulted for many details, and for particulars of 
new or advanced processes. 

Students who use this text- book in preparing for the South 
Kensington examinations are advised to study in connection 
with it the Guide to the Examination in Elementary Metallurgy ^ 
with Answers to all the Questions (Blackie & Son, price 6^.). 

W. JEROME HARRISON. 
BmMiNQHAM, 1894. WILLIAM J. HARRISON, Jb. 



1 See the Directory /or Science and Art Classes (South EeDsington), 
price Sixpence (published annually, in September), of any bookseller. 
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SECTION I. 

INTRODUCTORY SUBJECTS AND FUEL. 



CHAPTER I. 

INTRODUCTION-HISTORICAL NOTES— CHEMICAL PRELIMI- 
NARIES. 

What is " Metal I u rgy " ? Metallurgy is an art based 
upon the science of chemistry. Metals rarely occur pure, 
or free, or in the separate state. As a rule we find metals 
existing in the crust of the earth united with other sub- 
stances to form what are known as ores. Now metal- 
lurgy is the art of extracting metals from these ores, thus 
obtaining them in the pure or uncombined condition. 

But metallurgy does more than this. It teaches us not 
only how to extract metals from their ores most cheaply 
and most conveniently; but also how to treat or prepare 
them, so that they shall be of most service for the various 
uses to which they are commercially applied. 

A iknowledge of chemistry is indispensable to the 
metallurgist who would work oth^wise than by "rule 
of tibumb ". Now chemistry (as a science) practically 
only came into existence during the present century. 
Hence, such history as metallurgy has prior to the year 
1800, merely presents us with a view of workers of two 



(a) Men who, by a series of fortunate "accidents", 
had learned — ^e knowledge being stored up, and trans- 
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10 ELEMENTART METALLURGT. 

mitted from generation to generation — to smelt the ores 
of copper, iron, &c.; and painfully, and at the expense of 
considerable labour, to extract the metals therefrom; 
and — 

(b) Men — ^known as the alchemists — ^who during the 
Middle Ages theorized upon their insufficient knowledge 
of chemistry, and who attempted to transmute or change 
the "base" metals (as lead, &c.) into the "noble" or 
precious metals known as gold and silver. 

Sciences which render aid to Metallurgy. 

Chemistry is the science upon which the art of metal- 
lurgy is based; and it is impossible to become an expert 
metallurgist without an adequate knowledge of chemistry. 
But although a general knowledge of chemistry is neces- 
sary, yet the field now covered by this science is so 
large that the metallurgist will find it necessary to con- 
fine his special attention to that section of it which refers 
to the useful metals. 

In the discovery of metallic ores the sciences of Geology 
and Mineralogy render great and indispensable aid. They 
teach us how to recognize the various minerals, and how 
to search for them in any district or tract of country. 

For the most convenient and economical methods of 
extraction of ores from the earth we must look to Mining 
as our guide : while Mechanics will teach us how to con- 
struct and to erect the various machines, furnaces, &c., 
which are indispensable in metallurgical operations. 

The Ages of Stone, of Bronze, and of Iron. It 

appears certain that there was a time when metals — as 
such — were altogether unknown ; and when men fashioned 
such tools as they needed out of stone, bone, and wood. 
Buried in the surface deposits — the gravel-beds, peat- 
bogs, and surface soil — of nearly all countries we find 
the relics of this Stone Age in the shape of axe-heads, 
knives, arrow-heads, &c., made of flint and of other hard 
stones. 

The first metal to be discovered was apparently copper; 
but it was soon found that the addition of a little tin to 
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HISTORICAL NOTES— CHEMICAL PRELIMINARIES. 11 

the copper much improved it for most purposes; and 
hence we find the Stone Age succeeded by a Bronze Age. 
Lastly, the art of smelting the ores of iron was dis- 
covered; and for general use that metal has never been 
supplanted by any other, so that we are still living in the 
Iron Age. 

As to the date of the discovery of metals, nothing cer- 
tain has been discovered; but it is conjectured that the 
Bronze Age began in Great Britain about 10,000 years 
ago. 

What is a Metal? 

1. Metals are opaque substances. That is, metals are the 
very opposite of such non-metallic substances as rock- 
crystal, the diamond, &c., which readily transmit the 
rays of light, and are therefore called transparent. Silver 
and gold can, however, be rolled out into layers so thin, 
that light is able to pass through them. If a piece of 
gold-leaf be placed between two glass plates (so that it 
can be conveniently handled), it will be found to trans- 
mit the green rays of light. 

2. Metals are lustrous. They have a peculiar bright 
or shining appearance, owing to their power of reflecting 
light. Several non-metals — as the diamond, &c. — are also 
lustrous; but they have not the true "metallic lustre ". 

3. Metals are good conductors of heat Place a rod of any 
metal side by side with a rod of the same size of any non- 
metal, so that their two lower ends dip into hot water 
contained in a vessel. In a few minutes the end of the 
metal rod which is out of the water will be found to be 
quite warm (showing that the heat has travelled from end 
to end of the rod), while the outer end of the non-metal 
remains quite cool. 

4. Metals are good conductors of electricity. Telegraph 
wires are invariably made of metal (iron or copper). If 
even a foot of the metal wire be removed, and a piece of 
some dry non-metal (as sulphur, carbon, &c.) be substi- 
tuted for it, it will be found that no message can be 
transmitted, for the electricity cannot pass along the 
non-metal. 
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12 ELSMSNTABY METALLURGY. 

5. At ordinary temperatureB all metak exist in the 
solid state, with the one exception of mercury. 

6. The metals are, as a rule, mtwh denser, and therefore 
much heavier, than the non-metals. There are threemetals, 
however — lithium, sodium, and potassium — whidi are 
lighter than water; and which therefore float upon that 
liquid. 

7. Nearly all the metals are very maUeaUe and dudik, 

8. The metals are electro-positive, as compared with the 
non-metals, which are electro-negative. 

9. The metals combine with oxygen, and with hy- 
drogen and oxygen, to form certain chemical compounds 
which are known as bases. 

Non-metals, on the contrary, unite with the Bame ele- 
ments (0 and H) to form adds. 

Metals here treated of. In the Elementary stage 
of Metallurgy, the attention of th« student is restricted 
to the following nine metals (considering iron as distinct 
from steel) : — 



j Iron 
I Steel 
iGold 
Silver 



Copper 

Zinc 

Iiead 

Tin 

.Mercury 



These metals fall naturally into three groups or sectiotts 
(as shown by the brackets). But it is necessary to also 
add an introductory section, in which the ^neral pro- 
perties of metals are considered; and which includes, 
also, a description of the Fuel used in nearly all metal- 
lurgical operations. 

The Chemical Elements. — Considered from a chemical 
point of view, an element is a simple substance. It is a 
kind of matter which cannot be decomposed. Of these 
simple substances or elements about seventy are now 
known. Fifty -five of the elements are metals; and 
fifteen are non-metals. 
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COMPLETE TABLE OF THE SYMBOLS, &c., 
OF THE ELEMENTS. 

THE FIVE GASEOUS ELEMBNTa 

Atemic 
"Stone. SymboL Weight. 
... CI . 364 



COilorine. 

Flaorine.. 

JSjdxogen 

Nitrogen.. 

CbiygeiL.... 



AU 
'Non-metals, 



F ... 


.,. 10 


H ... 


.„ 1 


N ... 


... u 


... 


.„ H 



THE TWO LIQUID ELEMENTS. 

Atomic 
Name. SymboL Weight. 
Bromine (A Non-^etal) Br 80 

Mercuryi{°'fi^^;«r'} Eg 200 

THE NINE SOLID NON-METALLIC ELEMENTS. 

Name. SymboL Atomic Weight. 

ATBenic^ As 76 

Boron B 11 

Carbon C 12 

Iodine I 127 

Fhosphoms P 31 

Selenium Se 79 

Klicon Si 28 

Scdphur S 32 

Tellurium Te 125 

TWENTY-TWO COMMON METALLIC ELEMENTS 

(All Solids). 

Name. SymboL Atomic Weight. 

A&tmininm Al 27 

Antimony (Stibium) Sb 120 

Barium Ba 137 

Kamuth Bi 208 

Cadmium Cd 112 

Calcium Ca 40 

1 The Latin name for Mercniy is Hydrargyrum ; whence its syn^bol Hg. 

s Arsenic mMr be considered as forming a link between the metids and the 
non-metals, ui its physical properties it resembles the former, and in its 
chemical properties the latter. In Metallurgy arsenic is generally considered 
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14 ELEMENTARY METALLURGY. 

Name. Symbol. Atomic Weight. 

Chromium Cr 52 

CJobalt CJo 69 

Copper (Cuprum) Cu 63 

Gk)ld(Aurum) Au 196 

Iron (Ferrum) Fe 56 

Lead (Plumbum) Pb 206i 

Magnesium Mg 24 

Manganese Mn 55 

Nickel Ni 584 

Platinum Pt 194 

Potassium (Kalium) K 39 

Silver (Argentum) Ag 108 

Sodium (Natrium) Na 23 

Strontium Sr 87 

Tin (Stannum) Sn 118 

Zinc Zn 65 

THE THIRTY-TWO RARE METALLIC ELEMENTS 

(All Solids). 

Name. SymboL Atomic Weight. 

Beryllium Be 9 

CsBsium Cs 133 

Cerium. Ce 141 

Decipium Dp 159 

Didymium Di 144 

Erbium Er 166 

Gallium Oa 69 

Qermanium Ge 72 

Indium In 113 

Iridium Ir 192J 

Lanthanum La 138i 

Lithium Li 7 

Molybdenum Mo 96 

Niobium Nb 94 

Norwegium Ng 214 

Osmium Os 199 

Palladium Pd 106 

Rhodium Rh 104 

Rubidium Rb 85 

Ruthenium Ru 104 

Samarium Sm 150 

Scandium So 44 

Tantalum Ta 182 

Thallium Tl 204 

Thorium Th 232 
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HISTORICAL NOTES— CHEMICAL PRELIMINARIES. 15 

Name. Symbol Atomic Weight. 

•ntaniniii Ti 48 

Tungsten (Wolframium) W 184 

Uranium U 240 

Vanadium V 61 

Ytterbium Yb 173 

Yttrium Y 90 

Siirconium Zr 90 

Use of Chemical Symbols. The names of the 
elements are often rather long, and to write them in full 
every time the element is referred to is troublesome. To 
obviate this, chemists have invented a kind of shorthand 
by which each element is represented by one or two of 
the principal letters of its name, as H for hydrogen, CI 
for chlorine, &c. The sign or symbol is frequently derived 
from the Latin name of the element, as Au for gold (Latin, 
aurum), Pb for lead (Latin, plumbum). All the symbols 
are shown in the above table of the elements. 

Chemical compounds are briefly indicated by grouping 
together the symbols of the elements of which we know 
the compound to consist. A small figure below and to 
the right of a symbol indicates how many atoms of that 
element are contained in the single molecule which the 
symbol or group of symbols represents. Thus, one mole- 
cule of the compound known as water is represented by 
the letters HgO, which tell us that this molecule consists 
of two atoms of hydrogen combined with one atom of 
oxygen. We then say that HgO is the chemical foimula 
for water. A large figure in front of such a group of sym- 
bols tells us how many molecules are indicated: thus, 
4 HgO, stands for four molecules of water. 

Atomic Weights and their Uses. The atoms of 
the different elements differ in weight. The lightest of 
all the elements is the gas known as hydrogen, and hence 
(to avoid fractions as far as possible) we commence with 
tte atom of hydrogen, and represent its weight by the 
number 1. Oxygen gas is sixteen times heavier than 
hydrogen; and hence the atomic weight of oxygen is said 
to be 16. The atomic weights of aU the elements have 
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16 ELBMENTART UETALLURGT. 

been calculated with great care, and are shown in the 
table above. 

Chemical Equations. Ejiowing the atomic weights, 
and also the number of atoms (or molecules) taking part 
in any chemical change or reaction, we can easily calcu- 
late the weights of afl the substances concerned in the 
reaction. Thus, the following expression or equation (so 
styled because the number of atoms on the right and on 
the left of the central sign of = , are equal in number) 
shows six atoms on each side, and the nimibers indicate 
the parts by weight which take place in the reaction : — 

CuS + 2CuO = 3Cu 4- SOo 

63+32 2(63+16) 63x3 32+16x2 

95 I5a 189 64 

That is, 95 parts by weight of copper sulphide com- 
bine with 158 of copper oxide, to produce 189 parts by 
weight of copper and 64 of sulphur dioxide. 

Ix)r " parts by weight " we may substitute pounds, or 
tons, or kilogrammes, &c., it matters not which, the pro- 
portion will still hold true. 

It is evident that the power of being able to represent 
by such equations each chemical change that takes place 
during a metallurgical operation is of great value, because 
it gives us the precise quantities of the various substances 
by weight which take part in the change. It tells us the 
exact proportions in wiich to mix our materials; and the 
results which we ought to obtain. 



CHAPTEE 11. 

METALS: AND THEIR PHYSICAL PHOPERTIBS. 

Some Physical Properties of Metals. Since the 
introduction of the spectroscope, and the perfecting of 
analytical methods, many new metals have been added 
to the list of the metallic elements. 

(984) 
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metals: their physical properties. 17 

Only one metal is liquid at ordinary temperatures; 
■^ this is mercury, which solidifies only at - 39° C. Bis- 
muth, tin, and lead melt below a red heat; silver, copper, 
and gold become liquid at the temperature of an ordinary 
furnace; while platinum, osmium, and iridium, can only 
be melted by special means, and at extremely high tem- 
peratures. As a rule alloys are more fusible than the 
most fusible of their constituents. 

Several metals volatilize, or pass into the gaseous 
state, at comparatively low temperatures; but there is 
no definite relationship between fusibility and volatility. 
When arsenic is heated, it passes from the solid to the 
gaseous state without first passing through the inter- 
mediate or liquid stage ; but if it is heated uTider pressure 
it fuses before volatilizing. All metals volatilize if heated 
to a sufficiently high temperature; thus silver has lately 
been purified for research purposes by distilling it in lime 
crucibles by means of the oxy-hydrogen blow-pipe flame. 

Many metals become plastic or pasty when still much 
below the temperature at which they actually melt; thus 
wrought iron, steel, lead, gold, silver, and copper all pass 
through a pasty state previous to fusing, and can then 
be welded or hammered together. 

Different metals have very different capacities for heat; 
and the ratio of the quantity of heat required to raise 
one pound of any metal through one degree, as compared 
with that required to raise the same weight of water 
through one degree, is called the specific heat of the metal. 

Specific Gravity of Metals. The specific gravity 
of a body is the weight of the body compared with the 
weight of an equal volume of distilled water. Thus a 
cubic inch of copper weighs nine times as much a6 a 
cubic inch of water; the specific gravity of copper is there- 
fore said to be 9. 

To determine the specific gravity of a metal — 1st, 
weigh the metal in air; 2nd, weigh it in water; it will be 
found to lose weight. The loss of weight represents the 
weight of a piece of water equal in volume to the metal. 
Lastly, divide the loss of weight in water into the weight 

(984) B 
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of the metal in air, and the specific gravity of the metal 
is obtained. Thus : — 

Weight of metal in air = 268 grains. 

Weight of metal in water =240 grains. 

Loss of weight in water (or the weight of an 

equal volume of water) =268-240 

= 28 grains. 

.-. TheSp. Gr. of the metal =268-r28 

= 9*57. Answer. 

The specific gravity of metals varies from 0*6 for 
lithium, to 22 '8 for iridium. The Sp. Gr. of a metal 
vai'ies slightly according to the treatment which the metal 
receives. Hammering a metal as a rule increases its density 
and specific gravity. By compression between dies the 
Sp. Gr. of gold is increased from 19*25 to 19*37. 

The process of wire-drawing diminishes the Sp. Gr. of 
a metal in most cases. Unannealed copper has its density 
lessened from 8*9 to 8*8 after being drawn out; but an- 
nealed copper increases in density from 8*8 to 8*95 on be- 
ing drawn into wire. 

Annealed Copper. The process of annealing causes 
the molecules to move a little further apart; and the 
" drawing " into wire of such copper produces a closer ap- 
proximation of the molecules, and therefore an increase 
m density. 

When in the liquid state, the Sp. Gr. of a metal is 
generally less than when in the solid state (bismuth, 
however, is an exception to this rule). The following 
table gives the comparative Sp. Gr. of five metals when 
in the two states : — 





SPBomo Gkavity. 1 


Liquid. 


SoUd. 


Lead 


10-87 
7-02 
6-48 
9-5 

10-06 


11-4 
7-6 
72 

10-67 
9-82 


Tin 


Zinc 


Silver 


Bismuth 
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METALS : THEIR PHYSICAL PROPERTIES. 19 

Varieties of Fracture. The character of the frac- 
tured surface of a metal is frequently a good guide as to 
its physical properties. Gold, silver, copper, platinum, and 
arsenic have a finely granular fracture. Zinc, antimony, 
bismuth, and spiegeleisen possess a crystalline fracture; 
some varieties of iron present a granukr fracture, while 
others show a fibrous fractuie. Lead has a coarse, 
well-developed columnar fracture; and this may readily 
be obtained by heating a small ingot of lead until it is 
about to melt, withdrawing it from the furnace, and 
tapping it smartly against a brick; the lead then comes 
apart and exhibits a columnar fracture. The presence of 
•8 per cent of antimony in lead gives the alloy a finely 
granular -fibrous structure; and if the percentage of 
antimony is increased the fracture is very granular. 

Malleability. This is the property which many 
bodies possess in virtue of which they can be hammered 
or rolled out into thin sheets without cracking. Mallear 
bility depends mainly upon softness and tenacity. Gold 
is the most malleable of all metals; and one grain of this 
precious metal can be made to cover 56 square inches. 

The malleability of a metal is much influenced by the 
presence of impurities and of other metals, the tendency 
of the impurities being to lessen the malleability. Tem- 
perature sometimes affects malleability; if a piece of 
copper is hammered when cold it becomes hard; its 
malleability being restored after annealing at a red heat. 
The relative malleability of the principal metals is as 
follows, the most malleable being placed first: — Grold, 
silver, copper, tin, platinum, lead, nickel, zinc, and iron. 

Ductility. This is a property possessed by certain 
metals which enables them to be drawn out into wire. 
It is the permanent extension of a metal by traction. 
The greatest length of wire which can be obtained with- 
out breaking from a given weight is a measure of the 
ductility of a metal. As a metal increases in length, its 
sectional area is reduced; this being eflfected by causing 
the metal to pass through a series of perforated sted 
plates, the first plate having the largest hole; and the 
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holes in each successive plate decreasing regularly in 
diameter. During the process of elongation the metal 
must be repeatedly annealed^ or it will become brittle. 
Gold, silver, and platinum are the most ductile of all 
metals. 

Tenacity. This is the property possessed in a greater 
or less degree by all solid bodies which enables them to 
resist any force which tries to pull their molecules apart. 

In metals both tenacity and elasticity may be increased 
by hammering and rolling. Tenacity is measured by seeing 
what weight a body can bear without being torn asunder. 
Bars of metal having equal sectional areas are taken, and 
a gradually increasing weight is applied at one end until 
the rupture occurs. A bar of steel, one square inch in 
section, will just support a weight of 50 tons; a bar of 
wrought iron of the same diameter can support only 25 
tons. Steel, therefore, possesses twice the tenacity of 
wrought iron. 

Tenacity may vary in degree in the same metal, being 
greater in fibrous iron than in crystalline iron. 

Toughness. A body which is flexible without being 
brittle, and which yields with difficulty to a force with- 
out breaking, is said to possess the property of toughness. 
Malleable iron, copper, gold, and lead are very tough. 

Softness of Metals. As used in metallurgy, this 
term is solely applied to those metals which are easily 
cut by the penetrating action of such a substance as steel. 
Thus lead is considered to be soft since it does not re- 
quire the application of much force to cut it, with, say a 
knife. In soft bodies it is clear that the cohesive or 
attractive force between the molecules is not so great as 
in those which are hard, iron for example, and so the 
resistance offered by the metallic particles to their sepa- 
ration 'is not so great. The softness of a metal always 
increases with a rise of temperature. This is easily ex- 
plained on the above principle, as the effect of a nse of 
temperature is to cause the cohesive force of the mole- 
cules of the substance to become lessened. 

The following common metals are arranged in their 
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order of softness, the softest metal being placed first : — 
Potassium, sodium, calcium, lead, tin, magnesium, alumin- 
ium, gold, silver, platinum, copper, iron, nickel, man- 
ganese. 

From this it is seen that potassium and sodium are the 
softest of all the common metals, the proof of which is 
readily forthcoming on cutting them. 

Elasticity. Elasticity is that property of matter by 
virtue of which it requires force to change its bulk and 
dimensions (the force having to be continued in order to 
maintain this change); the body resuming its original 
bulk and dimensions on the removal of the force. The 
elasticity of a metal is measured by finding the least load 
by which a permanent alteration of form is effected. 
Practically the elasticity is found by stretching or ex- 
tending a bar of the metal until it just ceases to resume 
its original length when released. 

The "limit of elasticity" is reached when a rod of the 
metal is stretched just to its utmost limit without per- 
manent change; this limit being obtained by gradually 
increasing the pull upon the rod, and releasing it from 
time to time. 

Metallic Lustre. All pure metals possess a peculiar 
shiny appearance or metallic lustre, due to the reflection 
of the greater part of the rays of light which fall upon 
their surfaces. But lustre is not possessed by metallic 
elements alone; the non-metals graphite, diamond, iodine, 
silicon, boron, &c., are also lustrous. 

The lustre of a metal is much increased by polishing, 
and in some cases by the addition of other elements; 
thus an alloy of tin and copper possesses a greater lustre 
than either of these metals alone. 

Colour of Metals. The colour of a metal must not 
be confounded with its lustre. 

The rays of light which fall upon the surface of a 
metal are partly absorbed by the metal, and partly re- 
flected from its surface to the eye. The colour of a 
metal is due to the nature of the light which is reflected 
from its surface, and the colour may be intensified by 
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causing the rays to be repeatedly reflected from several 
surfaces of the same kind of metal. Thus if a ray of light 
is reflected ten times from as many polished surfaces of 
copper, the copper appears to be of a scarlet colour; if 
reflected ten times from iron, this metal has a violet 
coloui*. 

All metals are opaque, except when in extremely thin 
films. A thin film of gold (as gold-leaf) transmits green 
Hght. 



CHAPTER m. 

EXPLANATION OF TERMS USED IN METALLURGY. 

"Ore." Ores are the natural mineral substances 
from which metals can be extracted with advantage. 
The degree of richness of an ore depends on (1) the value 
of the metal to be extracted ; (2) the amount of the metal 
present; and (3) on the diflficulty attending its metallurgy. 
Thus tin ores containing only 1 per cent of tin can by 
proper treatment be easily brought up to 50 or 60 per 
cent of tin, because of the high density of the ore. Tin 
ores containing a large proportion of silica would be 
useless; whilst copper ores containing a large amount of 
combined sulphur can be successfimy smelted even if 
they contain silica. 

Classification of ores: — 

1. Simple ores, as argentiferous lead ore; their value 
depending upon the amount and nature of the gangue 
associated with them. 

2. Eefractory ores; those which are difficult to smelt, 
and which resist the action of reducing agents; as the 
ores of nickel. 

3. Fusible ores; these yield up their contained metals 
very readily by reason of their low melting-points, as the 
ore of bismuth (Bismuthine, BigSg). 

" Native." This term is employed to denote those 
elements which occur naturally in the free or uncom- 
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bined state. Thus gold, silver, copper, mercury, pla- 
tinum, arsenic, antimony, and bismuth occur " free " in 
nature, though usually mixed with gangue, &c, Metals 
in the native state are not always the best adapted for 
metallurgical purposes. In the Lake Superior district, 
for example, vast deposits of native copper are found; 
but either so mixed with gangue (from which it is very 
difficult to separate the metal), or so expensive to cut 
and hew out of the rock, that it is found to be more 
profitable to mine and extract the sulphide of copper 
ore. 

VeinstuflF, or Gangue. This is the useless or un- 
desired material associated with the ore. It may be 
metallic, earthy, siliceous, or basic; and the composition 
and amount of the gangue materiallv affect the quality 
and value of the ore. Quartz, calcite, barytes, clay, 
fluor-spar, and chlorite are the chief minerals which con- 
stitute the gangue. Ores containing quartz are trouble- 
some to work, as that mineral is difficult to separate by 
dressing, and is also very infusible. 

" Dressing." By this we mean the separating of a 
useful mineral from its associated gangue by mechanical 
methods. Thus tinstone occurs intimately mixed with 
quartz, mica, tourmaline, wolfram, and iron and copper 
pyrites; and the tinstuff as raised from the mines does 
not contain more than 1 per cent of tinstone. But by 
taking advantage of the high specific gravity of tinstone, 
which is 6*8, it may be separated from the associated 
useless gangue or veinstuff by washing in water, the 
tinstone sinking to the bottom of the vats while the 
lighter minerals forming the gangue are carried on and 
washed away. By repeated "dressing" the proportion 
of tinstone may be raised to over 50 per cent. 

Reduction: or the act of " Reducing". When 
an element is isolated from the compound which contains 
it, the compound is said to be '' reduced to the metallic 
state". The substances which effect the reduction are 
termed reducing agents, 

A high temperature is sometimes required before re- 
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duction can occur, the reduced metal being fused; but 
occasionally reduction without fusion takes place. Oxides 
are more easily reducible than other compounds : metallic 
ores are therefore usually roasted to convert them into 
oxides, if they are not already in that state. 

The reducing agents commonly employed are carbon, 
carbonic oxide, hydrogen, hydrocarbons, and (more rarely) 
iron, manganese, and lead. 

The most active reducing agents are those which con- 
tain the greatest amount of carbon; thus wood and peat 
have a less reducing action than coke, and coke has less 
than charcoal. And the purer the form of carbon, the 
greater is its reducing power. 

When lead oxide (PbO) is reduced by carbon, carbon 
dioxide is produced, just as when carbon is burnt in air. 
Thus:— 

2PbO + C = Pbo + CO2 

Lead oxide and Carbon produce Lead and Carbon dioxide. 

If the reduction of an oxide requires a high tempera- 
ture, the cai'bon dioxide which is first formed is reduced 
to carbonic oxide by the incandescent carbon present. 
For example, when zinc oxide is reduced to metallic zinc, 
thus : — 

ZnO + C = Zn 4. CO 

Zinc oxide and Carbon prodtue Zinc and Carbonic oxide. 

Metallic iron reduces many sulphides, owing to the 
affinity it has for sulphur. Thus galena or lead sulphide 
(PbS) is readily reduced to lead by means of iron at the 
temperature of an ordinary furnace, thus : — 

PbS + Fe = FeS + Pb 

Lead sulphide and Iron produce Iron sulphide and Lead. 

Smelting. This is the operation of reducing ores 
and metallic compounds by heat, in order to extract the 
useful metals contained in them. Smelting operations 
are conducted in furnaces ; and in the case of iron, copper, 
&c., are very complicated and involve large and costly 
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appliances. Mercury, bismuth, and zinc ores, however, 
are smelted with little difficulty, the ores being very re- 
ducible and easy to manipulate. 

The nature of the smelting processes depends upon 
the composition and degree of refractibility of the ores 
to be treated. Ores containing gangue require a prelimi- 
nary ** dressing " before being smelted, or require to be 
calcined or roasted. 

Regu I u s. The term " regulus " is exclusively applied 
to a metallic sulphide, the sulphide having been formed 
by the chemical combination of the metal with sulphur at 



Fig. 1.— A, L«ad. b, Speise. o. Copper regulus. d, Slag. 

an elevated temperature. During the smelting of copper 
ores, the copper is converted into a sulphide or regulus, 
from which the sulphur is removed and metallic copper 
so obtained. 

Speise. This term is applied to a metallic arsenide, 
the metal having combined with arsenic at a compara- 
tively high temperature. Thus nickel-speise is an ar- 
senide of nickel frequently produced during the smelting 
of nickeliferous copper ores; such a speise very often 
also contains sulphur, copper, iron, and cobalt. 

The following table shows the average composition of 
a nickel-speise : — 



Nickel, 


... 467„to477. 


Cobalt, 


4 „ „ 6 „ 


Iron, 


8 „ „ 10 „ 


Copper, 


1 .. ,. 1-57. 


Arsenic, ... 


... 33 „ „ 36 „ 


Sulphur, 


1 ,. „ 2 „ 
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In the smelting of complex ores containing lead, copper, 
nickel, and cobalt, the molten metals and metallic com- 
pounds arrange themselves in the vessel or receptacle 
into which they are poured in the order of thdr specific 
gravities (see fig. 1). Lead therefore occupies the lowest 
level, being covered with nickel-cobalt speise, which in 
its turn is covered with copper regulus; the regulus lastly 
having a layer of slag resting upon it. 

Roasting. The operation known as "roasting" is 
often employed to oxidize an ore before it is smelted, or 
to drive oflT carbonic acid gas from it; and roasting al- 
ways involves a chemical change and rearrangement of 
the elements composing the ore. Thus if iron carbonate 
is roasted, we obtain ferric oxide; carbon dioxide being 
evolved. Ores which contain sulphur or arsenic are 
roasted to oxidize them into oxides, arsenides, sulphates, 
&c. In calcination we have simply the burning off of 
the volatile products. 

The object both of roasting and of calcining ores is 
not only to produce a chemical rearrangement and burn- 
ing away of volatile products, but also to render the 
oi-es spongy and porous, in order that reducing agents 
may act upon them more rapidly and powerfully. 

Eoasting is generally used to get rid of sulphur, ar- 
senic, and antimony; and ores of iron, copper, cobalt, 
nickel, and zinc are almost invariably subjected to this 
process. Eoasting is now usually conducted in reverber- 
atory furnaces, the ore being spread over the hearth and 
occasionally turned over and exposed to the air; when 
the roasting is to be complete and rapid the ore must be 
spread out in thin layers. The more fusible the ore the 
lower must be the temperature of .roasting, except towards 
the end, when it is sometimes necessary to raise the tem- 
perature in order to fuse the mass. 

When the roasting is prolonged so that all the volatile 
products present are driven off, the ore is said to be 
"sweet "or "dead". 

Distillation. This is the name applied to the process 
of driving off by heat a volatile substance in the form of 

Digitized by L^OOQ IC 



TERMS USED IN METALLURGY. 27 

gas or vapour, and then condensing the vapour to a 
liquid or solid in, and by means of, a cooled receiver. 
Mercury and zinc are always extracted from their re- 
spective ores and separated from other metals by simple 
distillation processes. The heating is effected in vessels 



Fig. S.— Apiwiatus for Distillation, c. Still ; s, 8, Worm or condenser. The worm is 
contained in a vessel r, through which cold water passes. 

called stills or retorts (see C, fig. 2), while the cooled re 
ceiver is termed a condenser. 

Sublimation. When a solid body is heated,. and it 
does not melt to a liquid but at once passes into the 
state of a vapour or gas (which vapour may be subse- 
quently condensed, and so the solid again obtained), the 
solid is said to have been " sublimed ", or to have under- 
gone the process of "sublimation". In practice this 
teim is not always strictly used in the above sense. Any 
metal or compound obtained by submitting ore, &c., to 
a high temperature in a crucible or other vessel, and 
then causing the vapours given off to condense upon the 
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sides or top of the same vessel, is said to have been ob- 
tained by the process of sublimation. This holds true 
even if the solid heated passed through the liquid con- 
dition before its vapour was given off. 

Thus arsenic is obtained in the metallic state by placing 
its ore in an iron vessel called a " subliming pot ", to the 
top of which a flat or concave cover is fitted. On the 
application of heat, vapour of arsenic is given off which 
condenses on the cool cover of the pot. Arsenic there- 
fore can be obtained by sublimation. 

If the vapours are led from the pot or retort in which 
they are formed to a distinct vessel or chamber before 
they are condensed (as is the case, for instance, with 
mercury), then the ores, or whatever is so treated, are 
said to be " distilled ". 

There is a distinct difference, therefore, between the 
processes of sublimation and distillation, though they are 
analogous to one another. 

Liquation. This is the method by which two metals 
in an alloy may be separated, by heating the alloy to 
only a little over the melting-point of its most fusible 
constituent. Thus if an alloy of copper and lead is 
heated to a temperature a little above the melting-point 
of lead, the latter metal liquates out and brings away 
with it any silver or gold that may be in the alloy, while 
the copper remains unmelted. Zinc can similarly be 
separated from iron; and under certain circumstances 
zinc can even be parted from lead by this method. In 
the same manner the sulphides of antimony and of bis- 
muth are liquated out from the gangue in which they 
usually occur. 

Scorification. "Scoriae" are the silicates of useful 
metals produced during smelting operations, and are 
termed plumbiferous, cupriferous, or ferruginous, &c., 
according as the predominant base is lead, copper, or 
iron oxide. "Slags" are the silicates of earthy metals, 
as alumina, lime, potash, &c., and contain no useful 
metals. " Scoriae", on the other hand, do contain useful 
metals, which may be extracted at a high temperature. 
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Scorification is the process of converting the foreign 
substances present in a metallic compound or alloy into 
a scoria, and it is frequently resorted to in the separation 
of silver from lead and antimony. This is effected on a 
small scale by heating the alloy in a fire-clay dish termed 
a scorifier, a scoria of silicate and antimoniate of lead 
being produced, and metallic silver remaining. 

Amalgamation. An amalgam is a compound of 
mercury with other metals. Natural amalgams of mer- 
cury and silver occur at Almaden in Spain, and in 
Bavaria; gold amalgam has also been found in South 
America and in California. The term amalgamation is 
applied to those processes in which gold, silver, and 
other metals are extracted from their ores by the aid of 
mercury, the mercury forming an alloy with the gold or 
silver. On afterwards distilling the alloy, the mercury 
is driven off as vapour, leaving behind the precious 
metals in a pure state. The mercury vapour is then 
cooled, when the metal returns once more to the liquid 
state, and can then be used over and over again. 

Cupel lat ion. This is a method chiefly used for ex- 
tracting silver from its alloy with lead, though it may 
also be used for the separation of gold from a similar 
alloy. The lead which is to be desilverized is placed 
upon the bed or hearth of a special kind of rever- 
beratory furnace, called a "cupellation furnace" (see 
fig. 3). This bed, c, consists of bone-ash, or a mixture 
of bone-ash and marl. In order to prepare it, a quantity 
of burnt bones is taken and reduced to the state of 
powder. This powder is then moistened with water 
containing some alkali, and the paste so formed is pressed 
and beaten down into an oval-shaped iron casing or " test 
ring". Gutters are made in the side of the bone-ash 
vessel, C, thus formed, and this constitutes what is known 
as a "cupel" or "test". This cupel is usually made 
about 4 ft. long, 3 ft. wide, and some 8 in. deep. The 
cupel is then slowly dried in a cupel chamber, and intro- 
duced into the cupellation furnace. A charge of lead is 
nlaced on the heated cupel, which is then brought gradu- 
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ally (so as to avoid its cracking) up to a high temperature. 
When the lead is melted a blast of air is made to play 
on its surface. The lead is by this means oxidized or 
changed into litharge (PbO), which being in a molten 
state is readily absorbed by the porous bone-ash, or is 
run out by means of gutters in the side of the cupel. 
Any impurities which may be present are also absorbed 
by the cupel. The silver is not in the least changed, 



Pig. 3 — Cupellation Furnace, d. Hearth, o, Porous coating, h. Movable lid. 

since it does not combine with oxygen directly at any 
temperature. Accordingly this precious metal is not 
absorbed, and remains behind on the surface of the cupel 
in a pure condition. 

If a gold-lead alloy is cupelled, the operation is pre- 
cisely the same; the lead becoming oxidized, and being 
so got rid of, whilst the gold remains behind in a molten 
state on the cupel, and is then tapped off into moulds. 

A cupel having the dimensions stated would serve for 
some 8 tons of lead, when it would have to be replaced 
by a new one. 
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CHAPTER IV. 



SLAGS AND FLUXES: FURNACES, CRUCIBLES, FIRE- 
BRICKS, ETC. 

General Properties of Slags and Fluxes. A 

slag is the refuse or ashy matter obtained by the fusion 
of the flux with the gangue of the ore. In copper- 
smelting, first the melted metal (at the bottom), then the 
speise, next the regulus, and, lastly, the slag, are found 
superimposed on one another in the order named (see 
fig. 1), this separation being due to the differences in 
density of the various substances. Slags are the silicates 
of earthy metals, and from a metallurgical point of view 
are valueless. They are divided into hydrous and anhy- 
drous according as to whether they are combined with 
water or not. 

All slags contain silica (SiOg), and they are termed 
add or basic according as the percentage of silica present 
in them is great (acid) or small (basic). 

The silicates of which slags are formed are classified 
as monosilicates, bisilicates, trisilicates, &c. A mono- 
silicate contains 2 atoms of oxygen in the base and 
2 atoms of oxygen in the acid. Thus the silicate of 
iron, 2FeO.Si02, is a monosilicate. A bisilicate contains 
1 atom of oxygen in the base and 2 atoms of oxygen in 
the acid, as CaO.SiOg, calcium silicate. Kaolin, or porce- 
lain clay, Al203.2Si02, is a trisilicate of alumina. 

Slags vary very considerably in structure, ranging 
from glassy to stony tjrpes; rapid cooling producing a 
glassy slag, and slow cooling a stony or crystalline one. 

Slags containing ferrous oxide, as 2FeO.Si02 and 
3FeO.Si02, are used to remove carbon from cast-iron, 
and sometimes to remove sulphur and phosphorus from 
the same metal. 

A flvx is something added to make the gangue fuse 
or flow at a lower temperature. Barytes, lime, quartz, 
magnesia, fluor-spar, and iron-oxide act as fluxes. The 
flux to be employed will depend upon the composition 
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of the gangue ; if the gangue is siliceous the flux must be 
basic (the silica of the gangue then having plenty of 
base with which to combine); if it is basic the flux must 
be siliceous. 

Slags containing zinc-oxide are very infusible; but if 
iron-oxide is added a fluid slag is formed, even if 20 per 
cent of zinc-oxide is present. If the gangue is calca- 
reous or magnesian, silica must be added as a flux. 
Lime is an excellent flux for a siliceous gangue; but still 
better is a mixture of lime and magnesia. In the metal- 
lurgy of iron, sulphur and phosphorus are always trouble- 
some; and care must be taken that the flux chosen for 
iron ores is free from these injurious elements. 

External Characters, and Fusibility of Slags. 
As mentioned above, slags exhibit every gradation, from 
perfectly stony to perfectly glassy conditions; some are 
pumiceous, others compact and flinty. 

Nearly all the structures found in ordinary vitreous 
igneous rocks have their exact counterpart in slags. 
Many crystalline minerals have been detected in slags, 
the most common being augite and olivine. Slags also 
exhibit a banded structure, due to the motion of the 
slag when in the fluid state. They range in colour from 
black to white; some are dark-green, others gray; and 
some have a beautiful blue colour. These blue slags 
have their exact counterpart in nature — in the blue 
mineral lapis-lazuli. The slags termed basic silicates are 
usually dark-green. 

Some slags are perfectly fluid when melted; others are 
very pasty, and almost infusible. The fluidity of a slag 
depends simply upon the composition of the silicates of 
which it is composed. The most fusible silicates are 
those produced by the alkali metals, sodium and potas- 
sium. A simple silicate {i,e, a silicate containing only 
one base) is always less fusible than a silicate containing 
two or more bases. Thus the silicates of lime and mag- 
nesia separately are much less fusible than the double 
silicate formed by the chemical combination of the two; 
it is therefore very desirable to form double silicates in 
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blast and other furnaces. Bisilicates pass gradually from 
the solid to the liquid state, and are generally plastic. 
Basic silicates pass rapidly into the liquid condition, and 
soon cool after they have solidified. The presence of 
alumina makes a great difference in the fusibility of a 
slag. A slag containing 23 per cent of silica, 70 per cent 
of lime, and 7 per cent of alumina will fuse; but a slag 
containing 31 per cent of silica, 53 per cent of lime, and 
16 per cent of alumina is infusible. Alumina often 
takes the place of silica, and then we get aluminates of 
iron, of calcium, &c. Alumina thus acts as an acid in this 
case. Slags consisting of simple aluminates are extremely 
infusible; the aluminate of magnesium, for example, does 
not melt before the oxyhydrogen blow-pipe. Double 
aluminates are more fusible. 

Silicates containing ferric oxide, FegOg, are not so 
fusible as the ferrous silicates. This is the reason why 
iron slags in reverberatory furnaces become more pasty 
as they get oxidized, because the ferrous oxide is slowly 
changed into ferric oxide. 

Utilization of Slags. Slags are frequently ground 
to a powder and manufactured into hydraulic cement. 
Many articles ordinarily made of earthenware can be 
made of slag, which by suitable additions makes a fairly 
good glass. 

Basic slags containing combined phosphorus are now 
ground to powder and largely employed in agriculture 
as manures. 

" Slag wool " is used as a boiler packing, a jet of steam 
at high pressure being forced into a stream of fluid slag, 
which then blows out into a wool-like material. 

Bricks are often made of slag, but they easily disin- 
tegrate. 

Natural Refractory Materials employed in the 
construction of Crucibles, Retorts, Furnaces, 
&c. In furnaces where a high temperature is required, 
the materials forming the furnace itself must be capable 
of resisting the heat; and of withstanding also the cor- 
roding action of the metallic, slaggy, and gaseous matterr 

(984) c 
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which are being formed. They must also in many cases 
be able to withstand great pressures. 

The refractory materials employed may be — 

1. Acid, as silica, and siliceous fire-clays. 

2. Neutral, as graphite, and some fire-clays. 

3. Basic, as magnesia and lime. 

The natural refractory materials employed by the 
metallurgist are : — 

(1) Silica or quartz; this mineral only fuses in the 
oxyhydrogen blow-pipe. It is generally used in small 
lumps, with just enough cement to bind the whole to- 
gether. 

(2) Siliceous sands and grits; such as those occurring in 
the Vale of Neath, and at the Puy de D6me, Auvergne. 

(3) Fire-clays. These form the underclays of many 
coal-fields: they vary in their composition; but all con- 
tain silica and alumina. Those fire-clays which contain 
ferric oxide easily fuse at high temperatures, and are 
useless for furnace-building, &c. The pure fire-clays are 
manufactured into bricks, crucibles, muffles, &c. 

(4) Granister. This highly refractory siliceous material 
takes the place of the underclay in certain parts of the 
Yorkshire coal-field. The following is an analysis of two 
samples of ganister : — 

1st. 2nd. 

Silica, 89-6 per cent. 93*5 per cent. 

Alumina, 4*8 „ 4*2 „ 

Ferric oxide, ... 0*88 „ 0*8 „ 

Lime, 0*60 „ 0*2 „ 

Magnesia, O'l „ 

Potash, 0-9 „ 

Ganister is employed for lining the Bessemer con- 
verters employed in the "acid process"; and for furnace 
bottoms. 

(5) Natural oxides of iron; as magnetite, hematite, and 
ilmenite; these oxides are extremely useful for lining 
puddling furnaces. 

(6) Dolomite; a double carbonate of calcium and 
magnesium; this basic substance is highly refractory, 
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and is largely used for lining the Bessemer converters 
employed in the "basic process". 

(7) Magnesite or magnesium carbonate; it is made 
into bricks and used in puddling furnaces where the 
material is likely to be extremely corrosive. 

(8) Bauxite is a hydrate of alumina containing vari- 
able quantities of ferric-hydrate. It has the following 
composition : — 

Alumina, 52 '0 per cent. 

Ferric oxide, 27*6 „ 

Water (combined), ... 20*0 ' „ 

Bauxite is highly refractory, owing to the large amount 
of alumina it contains. It is mixed with about three 
per cent of clay and six per cent of graphite powder; 
and is then used for protecting the furnace-bed from the 
corroding action of metallic scoriae in Siemens' "open 
hearth " furnaces. 

(9) Graphite; this is a form of crystalline carbon, 
chiefly obtained from Ceylon; and is very largely used 
for making plumbago or graphite crucibles. 

Crucibles.— Graphite, Black-lead, or Plumbago 
Crucibles. Crucibles are usually made of fire-clay, or 
of a mixture of fire-clay and graphite (see figs. 4, 5, and 
6). When fire-clay crucibles are simply lined with gra- 
phite or some other form of carbon, they are said to be 
" brasqued ". 

Fire-clay consists of a hydrated silicate of alumina; 
and kaolin is looked upon by many chemists as the basis 
of all clays. Pure kaolin has tne following composi- 
tion : — 

Silica, 40*5 per cent. 

Alumina, 45*0 „ 

Water, 14-6 „ 

All raw clays become pasty on the addition of water, 
and may then be moulded into any shape; they lose 
this plasticity if heated strongly, and contract at the 
same time. 
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Analysis of a Good Fire-clay. 


SiUca, 


500 per cent. 


Alumina^ ... 


32-6 „ 


Potash, .. 


2-3 „ 


Soda, 


a little. 


Lime, 


0'3 per cent. 


Magnesia, 


... ... 0-4 „ 


Ferric oxide, 


3-5 „ 


Water, ... 


9-7 „ 


Analysis op a Bad Fire-clay. 


Silica, 


50-0 per cent. 


Alumina, •.. 


230 „ 


Potash, .. 


4-2 „ 


Lime, 


0-17 ., 


Magnesia, 


1-2 ,, 


Ferric oxide, 


2-4 „ 


Water, 


5-8 „ 



A crucible should be tough and elastic; it must be 
able to resist high temperatures, and must not soften; 
it should not be tender when hot; and it ought to be 
able to resist sudden alterations of temperature; and 
also to withstand the corroding action of melted oxides. 

Crucibles of all kinds must be carefully dried and 
annealed before using. It is usual to mix ordinary 
plastic clay with previously burnt clay, and to add a 
little coke to the mixture; this makes a good material 
for crucibles (see fig. 5). 

Plumbago or " black-lead " crucibles resist sudden and 
extreme changes of temperature without breaking up or 
fusing; and may be used several times. The plumbago 
is ground up and mixed with finely powdered fire-clay; 
water is added ; and the whole is placed in a mixing mill 
It is then left for some time to " mellow ", and is after- 
wards made into crucibles (see fig. 4). 

The following is an analysis of an English "black- 
lead " crucible : — 

Silica, 

Alumina^ 

Ferric oxide. 

Graphite, 

Lime, 



50 per cent. 
20 „ 

1-5 „ 
25-5 „ 

0-55 „ 
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For special purposes, crucibles are also made of hard 
coke obtained from gas retorts. 

Lining Crucibles with Carbon. Fire-clay crucibles 
are frequently lined with carbon; for certain purposes, 
simply rubbing powdered charcoal over the inside of the 
crucible is sometimes sufficient. If a thick lining is re- 
quired, the powdered charcoal is mixed with tar or treacle 
to render it adhesive, this mixture being plastered over 




figs. 4, 6, 6.-4, French eradble. 6, Oomiih do. 6, London do. 



the inside of the cruciblie with a small stick. Such cru- 
cibles are termed "brasqued". 

Classification of Furnaces. — The Modes of 
Producing and Utilizing Heat in the various 
forms. Various types of furnaces are employed by the 
metallurgist. The two principal parts of a furnace are the 
interior or fire-resisting part; and the exterior or binding 
part. The exterior of a furnace is made of badly con- 
ducting materials in ox'der to avoid undue 4oss of heat 
by conduction and radiation. The interior is made to 
suit the conditions under which it is to be used; the 
materials composing the interior varying in composition 
as to whether a reducing, an oxidizing, or a neutral 
atmosphere is to be produced. 

Furnaces can be divided generally into three classes: — 

(1) Those without an independent hearth; the ore 
and fuel being mixed together, as in blast>fumaces. 

(2) Those with independent hearths; but in which 
the ore is separated from the fuel; as in reverberatory 
furnaces. 

(3) Furnaces in which the ore is separated both from 
the fuel and from the products of combustion. Thi» 
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retort-like furnace in which zinc is distilled is an ex- 
ample of this class. 

In whatever class of furnace employed, heat is necessary 
for initiating and maintaining the chemical changes and 
fusion of the ore or metal contained in the furnace. In 
every case some form of fuel is employed to obtain the 
necessary heat; in the Bessemer converter the tempera- 
ture is maintained by the burning of the impurities 
contained in the metal, and even by the burning of the 
metal itself. 

Heat is produced by "combustion", that is, by the 
chemical union of different kinds of matter; and in order 
to obtain the combustion of fuel, and to produce the maxi- 
mum quantity of heat, oxygen gas is practically necessary. 

In the blast-furnace, charcoal, coal, or coke is mixed 
with the ore; and the combination of these substances 
with oxygen gas (from the air) generates sufficient heat 
to smelt the ore and to liquefy the metal. The tempera- 
ture of the furnace is raised by forcing a blast of cold air 
into the furnace; but is proportionally increased if the 
injected air is previously heated. 

Gaseous fuel has of late years been largely introduced ; 
the gases being obtained by heating solid fuels rich in 
hydrogen (which then yield carbonic oxide and gaseous 
hydrocarbons). The hot gases thus obtained are mixed 
with air and burnt in the furnace ; and are advantageous 
in that they leave no cinders, while by their use the tem- 
perature of the furnace can be very easily regulated. In 
reverberatory furnaces the flame from the fuel is deflected 
by the arched sloping roof upon which it impinges on 
to the metal placed upon the hearth beneath. 

Principle of the Siemens and other analogous 
Furnaces. In reverberatory furnaces solid fuel does 
not come into contact with the ore or metal placed upon 
the hearth, the necessary heat being obtained by burning 
coal in a separate grate. The gaseous products formed 
during the combustion of the coal ignite and bum over 
the hearth of the furnace, melting the metal and initiat- 
ing the chemical changes which take place. 
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In Siemens' Segenerative Furnace, and in those ana- 
logous to it, the waste heat from the furnace is " regene- 
rated" or restored to the furnace together with combustible 
gases obtained by heating solid fuel in a special grate 
termed the "gas-producer". 

The Siemens furnace is of the reverberatory type, 
having a dome-shaped roof, and stands above four arched 
brick chambers which are nearly filled with fire-bricks 



"Fig. 7.'8iemen«' Regenerative furnace, j and a', Chamben to heat gases 
B aad B', ChambCTS to beat air. 

stacked regularly, so as to form an open fret-work; A, A' 
being the regenerator chambers for gas, and B, b' those 
for air. Flues pass from each end of the furnace to the 
chambers to admit gas and air. The waste gases from 
the furnace have a high temperature, and are caused to 
pass through two of the chambers. As they traverse the 
channels between the brickwork they give up their heat 
to the bricks, which become intensely hot. The direction 
of the escaping waste gases is now reversed by means of 
a valve, and they are caused to pass through the other 
two chambers, the brickwork of which is thus likewise 
heated (see fig. 7). 

Gas from the " producer ", and air from the outside, 
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are now passed through the two chambers heated first; 
the gas traversing one chamber A', the air the other cham- 
ber B; and (receiving heat from the brickwork) they enter 
the furnace at a high temperature, there combining and 
producing the heat necessary for melting the metal. 

After a time the brickwork of these two chambers has 
yielded up most of its heat to the gas and the air; when 
this is the case the direction of the waste gases is again 
reversed, and more gas and air pass through the second 



Tig. 8.— Boitius Pumace. w, w'. Hollow walls, b, b', The bed. r, Fireplace, 
c, The chimney. 

series of heated chambers A and b' and meet at the furnace. 
The reversing of the direction of the cuiTents of waste 
gas, gas from the producer and air, goes on continuously, 
two of the chambers being heated while the other two are 
yielding up their heat or cooling. It will be noticed that 
the direction taken by the waste gas is exactly opposite 
to that taken by the gas from the producer and the air. 

By regulating the supply of air, either an oxidizing, a 
neutral, or a reducing atmosphere can be produced in 
the furnace at will. The Siemens regenerative furnace 
is the most important of those furnaces in which gaseous 
fuel is employed. 

The Bo^titLS Furnace is not a regenerative furnace. In 
this form of furnace the walls w, w' of the gas-producer 
are made hollow to admit air, which thereby becomes 
heated before coming into contact with the gas employed 
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for producing heat (see fig. 8). The working pai^ or 
hearth of this furnace is directly attached to the gas- 
producer. 

Ghis-prodtLcers. These are special appliances for gene- 
rating gaseous fuel from solid fuel, and are constructed 
with or without a blast of air; steam being largely used 
along with the air passed in for combustion. 

The ordinary " producer " is a rectangular or circular 
chamber lined with 

fire-brick (see fig. 9). / L Tofumace 

One side is formed of 
iron plates lined with 



iron piaies iinea witn r&- ^ 

fire-brick, and has a [) _ j 

step-grate B pro- 
vided with wrought- 
iron grate bars. 
Slack is charged in 
through a hopper D 
at the top of the 
chamber, and incom- 
plete combustion 
takes place, produc- 
ing certain combus- 
tible gases which Pig. s.-Siemens' Gas-producer. 

pass through a flue 

or wrought-iron pipe E into the regenerator. The chief 
gas formed is carbonic oxide; but when a jet of steam 
is introduced into the "gas-producer", decomposition 
of the steam occurs, and a mixture of carbonic oxide and 
hydrogen is formed, which is termed "water-gas": — 



Carbon and Steam produce Water-gas. 

This gaseous mixture is much more combustible and 
produces a much higher temperature than carbonic oxide 
alone. It passes from the " producer " into the furnace. 

Fire-bricks. Fire-bricks are made of some refrac- 
tory material which must be capable of withstanding a 
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high temperature without softening. Such bricks must 
also be able to resist corroding agents, and must not 
crack or "frit" on sudden changes of temperature. It 
is further important that they should not crumble when 
subjected to pressure. 

Dinas Bricks are made from a siliceous grit which 
occurs in the Vale of Neath, and when dry have a pale 
yellowish-white colour. A little lime is mixed with the 
powdered grit to cause it to adhere together, the bricks 
being baked at a high temperatiu-e for seven days. 



Silica, ... 
Alumina, 
Ferric oxide, . 
Lime, ... 
Potash, 
Water, 



Composition of Dinas Brick. 

98*3 percent. 



0-7 

0-18 

0-22 

014 

0-40 



These bricks slightly expand on being heated; and are 
very valuable for the arches of reverberatory furnaces, 
the whole consolidating into a solid mass at a high tem- 
perature. The bricks must be perfectly dry when set; 
it is therefore usual to heat the bricks before building 
them up, using a cement similar in composition to the 
bricks, and to raise the temperature of the furnace gradu- 
ally. 

I)evonshire Bricks have the following composition : — 



Silica, 


75-0 per < 


Alumina, 


. ... 21-2 „ 


Ferric oxide, 


... 1-9 „ 


Lime, 


... 0-4 „ 


Magnesia, 


... 8-7 „ 


Potash and Soda» 


. ... 0-8 „ 



Styrian Bricks are nearly as good as Dinas bricks; 
and are made of silica, with just sufficient fire-clay to bind 
the mass together. 

Bauxite (an impure form of alumina, AlgOg, FegOg.H^O) 
is sometimes made into fire-bricks, and when containing 
about 6 per cent of graphite these bricks are practically 
infusible. 
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CHAPTER V. 

FUEL: INCLUDING WOOD, PEAT, COAL, AND CHARCOAL. 

Classification of Fuel. Practically only those fuels 
which contain hydrogen and carbon are available to the 
metallurgist; for it is the combustion of these two ele- 
ments that produces the heating or calorific power. Phos- 
phorus and sulphiu- may also play an important part in 
the production of heat, as in the Bessemer converter. 

Fuel is divided into artificially-prepared and natural fuel. 

The artificially-prepared fuel may be again divided 
into — (1) Compressed fuels, made by pressing powdered 
coal and coke into bricks; (2) Dried fuel, as wood, peat, 
and lignite; (3) Carbonized fuel, as charcoal and coke; 
(4) Liquid or gaseous fuel, chiefly obtained by the de- 
structive distillation of coal, &c. 

All ordinary fuels contain carbon, hydrogen, and also 
oxygen ; but only that hydrogen is available as a source 
of heat which is in excess of the hydrogen necessary to 
combine with the oxygen present in the fuel to form 
water. Cellulose, the basis of woody fibre, contains no 
available or excess hydrogen (since the hydrogen and the 
oxygen in it are in the proportion of 2 to 1); cannel coal 
possesses available hydrogen. 

The natural fuels are all of vegetable origin; wood, 
peat, lignite, bituminous and non-bituminous coal, and 
anthracite come into this division. 

The Calorific Power of Fuel. The calorific power 
of a fuel is measured by the total amount of heat deve- 
loped by the complete combustion of 1 lb. weight of the 
fuel. The calorific power is expressed in units of heat; 
one unit of heat being the quantity of heat required to 
raise 1 gramme of water through V G. The combustion 
of the fuel must be complete; all the heat being imparted 
to raise the temperature of the water. The calorific 
power of charcoal is 8080; by this we mean that 1 lb. of 
charcoal completely burnt so as to form carbon dioxide 
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yields sufficient heat to raise 8080 grammes of water from 
0^ C. to r C. The calorific power of hydrogen is 34,462. 
The calorific power of eleven different bodies is given 
in the following table: — 



Charcoal, ... 

Graphite, 

Diamond, 

Gas carbon, ... 

Carbon as vapour, 

Crystalline sulphur, 

Fused sulphur, 

Carbonic oxide when burnt to carbon dioxide, 

Hydrogen, 

Methane gas, 

Anthracite, 



8,080 

7,047 

7,770 

8,047 

11^14 

2,262 

2,217 

2,403 

34,462 

13,063 

9,000 



Wood. — Elementary Composition of Dry 
Wood. The basis or groundwork oi all vegetable tissues 
is cellulose, a compound having the formula CgHj^Og. 

Woods when dry have a specific gravity varpng from 
•5 to '7. They all contain water even when apparently 
quite dry; thus air-dried wood often contains as much 
as 25 per cent of water. The degree of inflammability 
depends upon the density and dryness of the wood; and 
upon the amount of resinous matter present. The pro- 
portion of ash or mineral matter present in the wood 
varies considerably, ranging from 1*23 to 10 per cent, and 
consists of soda and potash; the carbonates of lime, mag- 
nesia, and iron; with silica, phosphorus, and sulphur. AH 
woods become ignited at 300® C. ; the whiter and more 
resinous varieties being combustible at even a lower 
temperature. Trees from which wood is obtained for 
metallurgical purposes, should be cut down when contain- 
ing least sap (i.e, in mid-winter), cut into suitable blocks, 
and stripped of bark. The blocks or logs of wood must 
be protected from rain, and packed or piled so that air 
can circulate freely between them. 

Wood consists chemically of the elements carbon, 
hydrogen, and oxygen; together with small quantities of 
a few other elements which form the whitish ash or mineral 
matter which remains when wood is burnt. 
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Air-dried wood has the following composition : — 

Charcoal (including 1 per cent of ash) = 40 per cent. 

Oxygen and hydrogen (in the proportions in which they form 

water) = 40 per cent. 
Hygroscopic water = 20 per cent. 

Peat or Turf, — Composition of Peat. Peat is 
the product of the alteration of vegetable tissues, being 
chiefly the result of the continued growth and decay 
(layer upon layer) of certain species of mosses. It occurs 
in beds of from 5 ft. to 30 ft. in thickness either in the 
lower parts of valleys which are traversed by slow-running 
rivers, or on exposed table-lands. 

Peat varies in colour and appearance from a brown 
wood-like mass to a dark pitch-like body; its value as a 
fuel depending on its degree of dryness and compression, 
its stage of decomposition, and on the amount of ash it 
contains. Air-dried peat contains about 50 per cent of 
water; but when heated to 100° or 120° C, it loses all 
its water; and at 120° C. begins to decompose, forming 
peat charcoal. Its calorific power^ is about 3300, but 
varies with the amount of water present in it. 

Peat when dried contains about 58*6 per cent of carbon; 
from 4 to 6*5 per cent of hydrogen; and from 32 to 36*5 
per cent of oxygen. When burnt it yields from 8 to 10 
per cent of ash. 

Bituminous Coals. Coal is mineralized vegetable 
matter. It approximates to lignite on the one hand, and 
to anthracite on the other; those coals richest in car- 
bon being the most valuable. Coal consists chemically 
of carbon combined with hydrogen, oxygen, and nitrogen; 
a small quantity of mineral matter (the ash) is also pre- 
sent 

Bituminous coals are so called from their swelling up 
into a black bitumen-like mass when heated. They 
usually bum with a smoky flame. The chief varieties of 
bituminous coal are : — 

1. The non-caking variety. — This burns with a long 
smoky flame, and yields about 60 per cent of coke, which 
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consists of a friable crumbly mass, due to the particles 
not caking together. Owing to this fact, this form of 
coal burns freely. Its calorific power varies from 8200 
to 8300. 

2. The caking variety. — This is easily inflamed, and 
on distillation fonns a coherent mass of coke. 

3. The caking non-flaming variety. — This does not 
burn freely, and is not rich in volatile matter. It forms, 
however, the best coke for metallurgical operations. 

Cak i ng Coal. Bituminous coals which yield a coherent 
mass or cake of coke are termed " caking coals ". They 
yield from 60 to 68 per cent of coke, are easily inflamed, 
and burn rapidly with a long flame. Caking coals are 
well suited for gas furnaces, for they give off from 17 to 
22 per cent of coal-gas when heated. Their calorific 
power is about 8600. 

Those varieties of caking coals which are poor in gases, 
and therefore do not give a long flame when burnt, are 
the most suitable for coking. 

Free-burning Coal. Free-burning coal, as its name 
implies, is simply coal which burns "freely '', owing to 
its not caking or cohering together during combustion. 
The air, with its accompanying oxygen, is then able to 
pass freely through the coal, which accordingly burns 
evenly, and without much looking after. It is for these 
reasons that this variety of coal is so largely used in 
metallurgical operations. 

Anthracite. This variety of coal is of a pure black 
colour, with metallic lustre, and does not soil the fingers. 
It decrepitates or breaks up in the fire, and has a calorific 
power ranging from 9000 to 9200. Its specific gravity 
varies from 1 -3 to 1 8. When anthracite is heated with 
bituminous coal and pitch, about 80 per cent of coke is 
obtained. Anthracite ignites with difficulty, and when 
burning gives off but little flame and no smoke, but pro- 
duces great heat. It breaks with a conchoidal fracture, 
and has a massive structiu-e. Anthracite is found in 
South Wales round Swansea, and in Pennsylvania. 
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Analysis of Welsh Anthracite. 



Carbon. 


Hydrogen. 


Oxygen, Nitrogen, 
and Sulphur. 


Aah. 


91-29 


2-33 


4-80 


1-68 



Charcoal. Charcoal is the amorphous form of carbon 
obtained by heating wood in a limited supply of air. 
Although purer than coke it contains small quantities of 
alkalies, besides some oxygen and hydrogen gas. 

Good charcoal should not soil the fingers, and should 
be hard, black, and sonorous. It preserves the form and 
structure of the wood from which it is prepared, and 
when ignited at one end will burn through to the other. 
Peat-charcoal retains the forms of the lumps of peat from 
which it was prepared, and when it contains but little 
ash is porous and friable, becoming harder and denser 
as the proportion of ash increases. Charcoal, especially 
animal charcoal, possesses in a remarkable degree the 
power of absorbing gases within its pores, and of ex- 
tracting the colouring matter from solutions. 

Various Modes of Charcoal-burning. The wood 
employed for charcoal-burning should be mature, neither 
too new nor too old, and should be cut when most free 
from sap. The wood must be stripped of bark and kept 
for some months before it is carbonized. 

Wood is converted into charcoal in three ways : — 

(1) In piles, partially exposed to the air. 

(2^ In closed chambers. 

(3) In closed retorts. 

If prepared at a temperature of 350° to 400° C. the 
charcoal is hard and blaxsk; at a higher temperature it 
becomes brown in colour, denser, and more tenacious. 

Charcoal-burning in Piles or Stacks. The site 
on which the wood is to be burnt should be well sheltered 
from wind, level, dry, and within easy reach of water. 

The ground which is to constitute the floor of the 
pile should slant inwards from the circumference to the 
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centre. Three stakes are driven vertically into the centre 
of the floor, and logs of wood are arranged radially around 
the stakes. The whole pile is covered with turf (the 
grassy side inwards). This turf is again covered over 
with clayey soil mixed with charcoal, holes being made 
at the bottom to permit the ingress of a certain amount 
of air (see fig. 10). Ignited brushwood is then thrown 
down the central channel formed by the three stakes 
to start the burning. As combustion proceeds the logs 



Fig. 10.— Making Charcoal from Wood. Conical Pile of Wood oorered with 
Turf and Clay. 

shrink, and an opening is made in the pile to allow the 
escape of water vapour. This is known as " sweating ". 
Holes are also made near the top of the pile to allow 
air (the amount of which is carefully regulated) to act 
upon the top layer; and, as the combustion proceeds 
downwards, the top holes are closed and other holes are 
opened in the sides and bottom of the stack. The pro- 
gress of the combustion is- judged by the character of 
the smoke which escapes from the top of the pile. The 
yield of charcoal varies from ^ to i the weight of the 
wood burnt. In some cases a circular basin is placed in 
the centre of the floor, and in this some of the by- 
products, such as wood-tar, &c., formed during the burn- 
ing, are collected. 

Wood is also frequently carbonized in rectangular heaps 
or stacks. A dry piece of ground is chosen having a 
slope of about 1 foot in 15 feet; and three parallel logs 
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are placed on this sloping bed, with their thickest ends 
at the upper end of the slope. Pieces of wood are then 
laid horizontally upon and across these logs, and are 
built up into the form of a stack, stakes being driven 
into the ground to support the stack at either end. A 
circular or rectangular channel passes through the stack 
to admit air. Combustion proceeds from one end of the 
stack to the other, the charcoal being removed as fast as 
it forms 



CHAPTER VI. 

FUEL (Continued): COKE, COKING, AND COKE OVENS. 

Coke. This form of carbon is obtained by subjecting 
coal to destructive distillation, whereby the volatile pro- 
ducts are driven off and an impure more or less coherent 
mass of coke remains. 

Every variety of coal yields coke; the caking, non- 
flaming, bituminous coals of the Cardiff district yielding 
the very best coke. This Welsh coal has the following 
composition : — 

Carbon, 88 to 91 percent. 

Hydrogen, 5*6 to 4*5 „ 

Oxygen, 6*5 to 4 5 „ 

On distillation from 70 to 80 per cent of coke is obtained, 
with 18 to 26 per cent of volatile matter, of which 15 per 
cent is gaseous. Good coke should not soil the fingers, 
should not frit or break up, nor cohere on heating into a 
compact mass. When coke is produced by rapid heat- 
ing, the volatile products are partly decomposed and the 
carbon resulting from them is deposited as silvery-looking 
scales on the coke. The higher the temperature to which 
coal is subjected, the greater is the yield of coke. 

Coking is effected in piles or stacks, and also in kilns 
or in ovens, the first of these methods, however, being 
now rarely resorted to. 

^984) D 
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Properties of Coke. Coke is hygroscopic; when 
dry it will absorb 2^ per cent of water from the air, and 
takes up from 20 to 50 per cent when plunged into 
water. Those cokes produced at a high temperature 
have a gray colour and metallic lustre, while those 
formed at a low temperature are black in colour and not 
lustrous. The coke or "breeze" used by blacksmiths 
is of this latter kind. Nearly all cokes contain sulphur, 
which is derived from the decomposition of the iron 
pyrites (FeSg) in the coal. Coke requires a high tem- 
perature before it inflames, but gives out intense heat 

Some cokes (termed "hard coke") are dense and com- 
pact, others are porous and light. 

Exposure to the weather renders coke soft and liable 
to crumble. For use in the blast-furnace coke should 
be dense and capable of resisting the action of the blast, 
and it should not readily yield to pressure. 

The specific gravity of coke varies considerably, and 
is dependent upon the rapidity of the burning dui'ing the 
process of preparation of the coke; from 1*65 to 1*83 
may be taken as the ordinary range of specific gravity 
of coke. 

Approximate Composition of Coke. The 
chemical composition of coke depends upon the variety 
of coal employed, and upon the rapidity with which the 
heating of the coal is conducted. 

The principal substances forming coke are carbon, ash, 
and sulphur. The following table gives the analysis of 
four different cokes: — 





1. 


2. 


3. 


4. 


Carbon, 


94-08 


92-87 


97-60 


92-70 


Ash, 


6-04 


6-35 


1-55 


5-70 


Sulphur, 


0-88 


178 


0-85 


1-60 



100-00 10000 100-00 100-00 



The quantity of ash contained in the coke depends 
upon the ash contained in the coal, the sulphur also pre- 
viously existing in the coal as a sidphide or a sulphate. 

Digitized by L^OOQ IC 



fuel: coke, coeiitg, and coke ovens. 61 

General Principles concerning the Prepara- 
tion of Coke. The usual method of manufacturing coke 
is both crude and wasteful, although there have been 
many attempts to introduce new and improved methods. 
The main object of coke-makers is to produce a dense, 
compact coke in large lumps. This is effected by burning 
large quantities of coal stacked to a sufficient height to 
ensure long upright masses of coke in the oven at the 
end of the operation. 

Coking must be effected at a high temperature in order 
that the products of distillation, ascending from the lower 
layers of coal, shall be decomposed and caused to deposit 
their carbon upon the coke already formed, thus increas- 
ing the total weight of coke. 

Coking in Circular Piles. This method is rarely 
if ever now employed. A conical chimney built of fire- 
bricks and from 3 to 4 feet high is erectea. This chim- 
ney has lateral apertures at different levels. Coal is 
arranged around the chimney, the heavier pieces being 
placed, nearest the chimney, and the smaller pieces to- 
wards the outside, a rounded heap being thus formed. 
The whole is then covered with cinders and small coal. 
Channels pass through the bottom of the heap to the 
chimney to admit air. Burning coal is thrown down the 
chimney, the combustion of the pile then commencing at 
the centre, and gradually extending to the circumference. 

Coking in Long Piles or Ridges. Coking in long 
piles is often substituted for the original round heaps. 
Sometimes the ridges are made 200 feet in length and 
about 2 feet high, the larger pieces of coal being placed 
at the bottom, and the smaller pieces at the top. A 
channel to admit air is left running the entire length 
of the pile; no covering to the pile is employed. The 
coal is ignited in more than a hundred distinct spots, 
and as soon as the thick smoke and flames cease at any 
one part the progress of the combustion at that point is 
stopped by covering the spot with powdered coal-dust. 
This is repeated until the whole of the ridge is covered, 
and the coke is then left for two or three days to cool. 
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Coking in large Open Rectangular Kilns. The 

process of coking in open kilns is often very successful 
if conducted in a proper manner. 

The kilns are constructed of fire-clay bricks, and con- 
sist of two parallel walls, A, A, 40 to 60 feet in length, 
5 feet high, and about 8 feet apart (see fig. 11). Air- 
channels or holes, B, B, are left in the brickwork at cer- 
tain intervals. Each end of the kiln is partly bricked 
up, leaAdhg an opening for the introduction of the coal. 
Vertical flues, c, C, are placed at the sides of the kiln so 



Tig. 11.— Coldiig in Rectangular Kilns. 

that the draught of air may be increased if necessary. 
The coal is placed in the kiln, well stamped down, and 
moistened with water; long pieces of wood, 4 inches thick, 
are laid on the coal transversely, the ends of each piece 
of wood being opposite an air-channel. The kiln is then 
filled to the level of the outer walls, and covered with 
ashes and clay to exclude air. The wood is ignited 
through the air-channels, and the coal left to burn for 
ten or twelve days. 

Each kiln holds from 200 to 300 tons of coal, and the 
loss of coke does not exceed 20 to 25 per cent. 

Coke Ovens. The simplest form of coke oven is 
that called the "Bee-hive". From many coals a good 
variety of coke is obtained by this oven, but it is not 
economical. The coal is charged through a hole in the 
roof, and is caused to burn downwards from top to bot- 
tom. Air is sometimes admitted to aid combustion, but 
in the best forms of coke ovens the admission of air must 
be avoided as much as possible. 
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The chief points to be fulfilled by a good coke oven 
are — 

1 . The prevention of the escape of heat. 

2. The utilization of the waste heat so as to cause the 
process of coking to proceed equally in all directions. 

3. The easy removal of the coke. 

Cox's Coke Oven. This oven consists of a rect- 
angular chamber lined with fire-brick and closed in front 



Pig. 12.— Cox's Coke Oven, a. Front view with door raised, c. Section of oven showing 
the double and hollow arched roof, n. Front view with door let down. 

by an iron door also lined with fire-brick (see fig. 12 d). 
The oven has a double-arched roof c, forming a space 
through which the gaseous products must pass before 
reaching the chimney; within this space the waste gases 
give up a great part of their heat to the brickwork 
before finally passing away. A flue passes from either 
side of the door through the brickwork of each side of 
the oven and opens into the back of the oven, and the 
air traversing the flues becomes heated by the waste 
heat of the gases before entering the oven. The oven is 
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a little wider in front than behind, and the floor slopes 
down from the back towards the door, this construction 
enabling the coke to be more rapidly withdrawn. 

Appolt's Coke Oven. This oven is built in the 
form of a rectangular shaft, A, about 13 feet high (see fig. 



Fig. 13,— Appolt's Coke Oven, a, a. Coking chambers, b, b. Hoppers for chaiging 
in the coal, i, i, Lateral flues. 

13). It tapers outwards from 44 by 13 inches at the top 
to 48 by 18 inches at the base, so as to allow the coke to 
be easily drawn out. Eighteen such vertical shafts or re- 
torts are built side by side, each retort being surrounded 
by an air-space or flue, i, i, eight to ten inches wide. 

Each retort has a cast-iron door at the bottom, open- 
ing into an arched vault below, into which the coke falls 
when the door is opened. The air-flues surrounding 
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each retort are connected to one another, and also open 
into the vertical retorts. The gaseous products of com- 
bustion from the coal escape into the air-flues, and there 
meeting with air are burnt, and produce sufficient heat 
to convert the re- 
mainder of the coal 
into coke. Each 
retort is charged 
with coal through 
the hopper B at the 
top, and the opera- 
tion of coking is 
completed in about 
twenty-four hours. 

Copp^e's Coke 
Oven. The fol- 
lowing advantages 
are claimed for this 
oven: — 

Ist. That nearly 
the whole of the 
total quantity of 
carbon present in 
the coal is retained 
as coke. 

2nd. That the 
heat of the waste 
gases given oflf during the operation of coking is utilized 
by means of flues. 

3rd. The by-products may be recovered. 

Only finely-divided coal is coked in this form of oven. 

This oven, like the Appolt oven, is heated by th« 
combustion of the gaseous products from the coal in 
lateral flues on either side of each vertical retort (see 
fig. 14). 



Ffg. 14.— Section through Copp6e'B Coke Oven. 

A. Ohamber into which the coal which is to be con- 
verted into coke is placed, b and o. Flues along whiah 
the burning waste products pass to the bottom flue n. 
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SECTION II. 

IRON AND STEEL. 



CHAPTER VII. 

IRON AND ITS PRINCIPAL PROPERTIES— COMBINATION 
OF IRON WITH CARBON—FORMATION OF STEEL. 

Physical Properties of Iron. Iron, symbol Fe 
(from the Latin Ferrum; iron). This metal crystallizes in 
the cubic system : owing to its great ductility and tenacity 
a fractured surface presents a finely granular appearance. 

A crystalline or fibrous fracture may, however, be 
produced by varying the mode of working the metal. 
Continued cold hammering causes iron to become hard- 
and brittle, owing to the crystalline structure thus pro- 
duced in the metal. If hammered hot, the iron becomes 
fibrous. The nature of the fracture also depends upon 
the manner in which the iron is broken; if broken by a 
sudden blow a crystalline fracture results; but if the 
same specimen of iron is broken by a series of gradually- 
increasing forces a fibrous fracture is produced. 

Iron is opaque; it possesses a metallic lustre, and a 
grayish-white to black colour. Its specific gravity is 7*8; 
the density of the metal is, however, increased by com- 
pression at a high temperature; in wire-drawing the 
density of iron diminishes. Its melting point is 1600° C. 
Iron is a strongly magnetic substance, and may be readily 
magnetized by bringing it near to a magnet, or by in- 
serting the iron into a coil of copper wire through which 
a current of electricity is passing. On removing the 
magnet or arresting the electric current, the iron reverts 
to its former neutral condition. Iron is a good con- 
ductor of heat and of electricity, its conductivity for 
heat being 11*9; silver, the most perfect conductor of heat 
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known, being taken as 100. The electrical resistance of 
iron is 5*8 times that of pure copper. At a white heat 
iron becomes softened and pasty, so that two pieces of 
the metal may be welded or joined together by hammer- 
ing. Iron is the most tenacious of all known pure metals, 
and is the hardest of all those which are ductile and mal- 
leable. By intense cold the tenacity of iron is increased ; 
thus Prof. Dewar finds that when iron is immersed in 
liquid oxygen (whose temperature is - 180° C.) its tena- 
city is doubled. Iron occludes (or absorbs) about three 
times its volume of hydrogen gas. The presence of even 
minute quantities of foreign substances influences the 
character of iron, and it is a difficult matter to obtain a 
large mass of the pure metal. If pure hydrogen is passed 
over pure oxide of iron and the temperature raised, a 
reduction of the oxide ensues and chemically pure iron 
is formed. 

Nature and Physical Properties of Steel. 
Steel is a chemical compound of iron and carbon, which 
is capable of being hardened when subjected to suitable 
treatment. The amount of carbon combined with the 
iron varies in different kinds of steel. In "hardened 
steel " the carbon seems to be in a different state of com- 
bination to that in " soft steel ". Thus " hardened steel " 
completely dissolves in dilute hydrochloric acid, but 
"soft steel" treated in the same way leaves a residue of 
undissolved carbon. The carbon in steel is but loosely 
held in combination with the iron, and may be got rid of 
by exposing the steel to a high temperature. 

Steel has a bluish-gray colour, becoming white aftei' 
hardening. It may be hardened by heating it to a high 
temperature and then plunging it into cold water. On 
hardening, the volume of the steel is increased by j\th 
of its volume. Steel may also be hardened by subject- 
ing it to great pressure. Manganese, like carbon, has 
the power of hardening steel; but manganese steel is 
more brittle, and a little less elastic than carbon steel. 
Phosphorus and silicon also harden steel, whilst the pre- 
sence of sulphur impairs the welding properties of steel. 
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The amount of carbon in steel varies from 0*15 to 
1*8 per cent. "Ingot" or "extra soft steel" is made 
from very pure iron ores free from sulphur and phos- 
phorus. It may be made by the Siemens - Martin 
process, but is difficult to make by the Bessemer process. 
It contains about 0*3 per cent of carbon. 

This variety of steel is capable of being easily welded, 
and is therefore very useful for boiler plates. 

"Very soft steels" contain from 0*25 to 0*35 per 
cent of carbon, steel containing the latter amount being 
especially useful for railway tyres. 

"Ordinary soft steels" are easily modified by suc- 
cessive annealings and hardenings. They contain about 
0*5 per cent of manganese and 0*3 per cent of carbon. 
This variety of steel may be made either by the Siemens- 
Martin or the Bessemer process, and is especially useful 
for railway springs, couplings, &c., owing to its high 
elasticity. 

" Hard steels " are used for "dies" and for rails. They 
often contain 0*5 per cent of manganese, and from 0*5 to 
0*8 per cent of carbon. 

" Very hard steels " comprise all steels used for very 
hard rails and for ordinary steel tools. They nearly all 
contain manganese, sometimes as much as 1*5 per cent, 
together with 0*5 per cent of carbon. This kind of steel 
is also used for the facings of armour plates. 

"Exceptionally hard steel." This variety is only 
used for certain tools, and is highly carburized. It is 
usually made in crucibles, and may contain tungsten 
and chromium as well as carbon. 

Steel has a greater tenacity than any other metal. 
Its melting point lies between that of cast-iron and that 
of wrouffht-iron. 

Welding as a Process. Welding is the name of 
the process by which two pieces of metal are united by 
simply hammering them together when heated. 

This process is possible because of the property which 
wrought-iron possesses when raised to a white heat of 
imiting intimately under the hammer with a second 
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piece of heated iron without any appearance of a junction. 
The white-hot iron is sprinkled over with sand before 
the hammering takes place. This sand combines with 
the layer of iron oxide which is formed on the surface of 
the hot metal, and produces a liquid (iron silicate, which 
may be likened to a slag), which is then squeezed out by 
the hammering. Two perfectly clean surfaces of metallic 
iron are thus brought into contact, and on this fact the 
efficacy of the welding really depends. 

"Burnt Iron." When wrought-iron has been sub- 
jected for some time to a very high temperature but 
slightly lower than its melting point, a highly crystalline 
structure is produced; and this renders the iron ex- 
tremely brittle and useless. If struck with a hammer 
the metal then breaks into fragments with bright shin- 
ing faces. The fact is, that some of the iron becomes 
converted by the strong heat into the black oxide of iron, 
^^B^4y *^d this (together with the crystalline structure) 
renders the iron friable and brittle; it is then termed 
" burnt iron". 

Iron Scale, or Hamme^r Slag. When a "bloom" 
of iron is squeezed or hammered, a kind of slag is pressed 
out which is rich in oxide of iron, technically called 
"scale". This "scale" or "hammer slag" is employed 
for making the working bottoms of puddling furnaces. 

Preservation of Iron from Rust. When iron is 
exposed to moist air containing carbon dioxide, chemical 
reactions occur by which iron carbonate is formed; and 
this becoming oxidized, parts with its carbon dioxide 
again and is converted into the red iron oxide, FcgOg. 
This oxidation of the iron is continued until the whole 
of the metal is changed into ferric oxide, FcgOo, which, 
as it is produced, combines with the moisture" present 
in the air to form hydrated ferric oxide, FegOg.HoO. 

To prevent this oxidizing action of moist air the iron 
is usually coated with some material upon which oxygen 
has little or no action. A layer of paint, or of tin as in 
"tin-plates", or an alloy of tin and lead as in "teme 
plates", is often employed. Iron plates are also often 
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coated with zinc, and are then termed "galvanized 
iron". 

In Prof. BarfF's process iron is preserved from nisting 
by raising the metal to a red-heat, and then directing 
a jet of superheated steam upon it. A coating of the 
black oxide of iron, Fe304, is formed, which effectually 
protects the iron beneath it from the action of oxidizing 
agents. 

Sulphides of Iron roasted with Access of Air. 

When sulphides of iron (FeS, ferrous sulphide; or FeSo, 
ferric sulphide) are heated in contact with air, chemical 
combination ensues between the iron, the sulphur, and 
oxygen (from the air), whereby sulphur dioxide, sulphur 
trioxide, and ferric oxide are produced. The reactions 
are rather complex, a considerable number of interme- 
diate compoimds being formed. The following equa- 
tions represent the final result of the chemical changes 
which take place and the products which are formed : — 

r FeS -f 30 = FeO + SO2 

^ XX^^e -^ Oxygen pW.^ ^^^^ a^ ^ulph^ 

With ferric sulphide the following reaction takes 
place : — 

FeSa -f 50 = FeO + 2SO2 

su^p^de -^ Oxygen produce ^-^ an^ ^ulP?- 

( SO^ + = SO3 

jj J Sulphur dioxide and Oxygen produce Sulphur tnoxide. 

I 3FeO + = FejO, 

V Ferrous oxide and Oxygen p'odttce Black oxide of iron. 

r2Fe30,+ SO3 = 3FeA+ SO^ 

lii.-j Ferric ^^ , Sulphur ^,.^j,.^. Ferric ^^, Sulphur 
[ oxide ^^ trio^de P''^^'^ oxide ^'^ dioxide. 

Iron and Phosphorus. The two elements known 
as " iron " and as " phosphorus " unite to form a phos- 
phide of iron, which probably has the formula F e^gP. 
If magnetite is reduced in the presence of calcium phos- 
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phate the phosphorus is liberated, and unites ^ath the 
iron. Very few examples of pig-iron are wholly free 
from phosphorus. If the proportion of phosphorus 
exceeds -5 per cent the iron is rendered "cold-short"; 
•3 per cent hardens bar-iron; while the presence of 1 per 
cent renders the iron weak and brittle, imparting a crys- 
talline structure, and increasing the fusibility and fluidity 
of the metal. When present in very small quantities 
phosphorus improves iron for castings, increasing the 
fluidity of the metal, and thus enabling the iron to fuse 
tranquilly, and to flow readily. 

Malleable iron may contain as much as 0-8 per cent 

, of phosphorus. The less carbon there is present the 

more phosphorus can be contained without detriment to 

the iron. The average proportions of phosphorus in the 

best English pig-iron are shown in the following table : — 



Varieties of Pig-iron. 


Phosphorus. 


Staffordshire mine ... 


4 to 1 per cent. 
1 per cent. 

2i „ 


Scotch pig 


Cleveland pig 


Northampton pig 


Staffordshire cinder-pig 





Reduction of Silicate of Iron by Carbon. On 
heating carbon with silicate of iron in a crucible, reduc- 
tion of the silicate takes place with the formation of 
metallic iron — generally in the form of white pig-iron — 
together with a little highly siliceous slag. 

2FeO . SiOg + C = 2re + CO. + SiOa 

Silicate of iron and Carbon pi'oduce Iron and Carbon dioxide and Silica. 

Iron and Carbon. Carbon combines chemically 
with iron in various proportions, forming the many 
varieties of pig-iron and steel. The maximum quantity 
of carbon with which iron can normally combine is about 
4 J per cent; but the presence of manganese enables iron 
to combine with a still larger proportion of carbon : thus 
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when 4 per cent of manganese is present in the iron, 5 J 
per cent of carbon can be retained by the iron. 

The carbon in iron occurs in at least four forms, two 
of which are soluble in dilute hydrochloric acid, and two 
which are not soluble. Combination of the two elements 
takes place when iron is heated in contact with free 
carbon, or with gaseous fuel such as carbonic oxide and 
the hydrocarbons; or when iron is brought into imme- 
diate contact with incandescent solid carbonaceous fuel. 
In the cementation process iron is heated for a consider- 
able time in contact with solid carbon; the two elements 
then combine with, as a result, the production of steel. 

In "Darby's process" molten wrought-iron is allowed 
to run into a "mixer", into which at the same time the 
requisite quantity of carbon necessary to form steel is 
introduced. Carbon hardens iron, and lowers its melting 
point. 

The discovery of the importance of carbon in iron was 
made by a Swede named Bergmann in the year 1781. 

Modes of EflFecting the Combination of Carbon 
with Iron. Carbon may be caused to combine with 
iron in a variety of ways. About two centuries ago 
both Clouet and Pepys heated pieces of wrought-iron in 
contact with diamond dust, and obtained steel due to the 
combination of the two elements. 

If wrought-iron is melted, and carbon in the form of 
charcoal or coke is then added to it, a definite shade of 
steel is produced. 

A better way of adding carbon to iron, is to put a 
variety of pig-iron termed spiegeleisen into the molten 
iron; spiegeleisen contains a considerable quantity of 
manganese and of carbon, and combination of the iron 
with the carbon is much more readily effected if man- 
ganese is also present. 

On heating solid wrought-iron for a considerable time 
in contact with carbon, the iron — without passing into 
the liquid state — combines with the carbon, and is con- 
verted into steel. This is the basis of the " cementation 
process" for the production of steel. 

Digitized by VjOOQ iC 



COMBINATION OF IRON WITH CAEBON. 63 

Manufacture of Steel by Cementation. In the 
cementation process, wrought-iron is converted into steel 
by inducing it to take up carbon from a mass of the 
latter element in which the iron is embedded, when the 
whole is heated to a high temperature. 

In this cementation process only the best Swedish bar- 
iron is used, "blister" steel being the first product; this 
is afterwards melted (so that the highly carburized iron 
on the exterior of each bar, and that hardly affected in 
the interior, shall become uniformly mixed) and converted 
into " cast " and " shear " steel. 

The bars of wrought-iron are placed in chests of 
siliceous stone and covered with a cement of powdered 
charcoal; on heating the whole for about 18 days the 
iron (without melting) absorbs carbon, and " blister steel" 
is the result. This is termed "carburizing" cementation. 

By an inverse process, the decarburization of cast-iron 
is effected by heating it to redness with oxide of iron, 
hematite being usually the oxide employed; the cast-iron 
then becomes malleable, owing to the burning out of 
most of its carbon. This is an example of "oxidizing" 
cementation. 

Agricola (died 1555) was the first to describe the 
manufacture of steel by heating wrought-iron with pig- 
iron; the pig-iron then losing about 1 per cent of carbon, 
and the wrought-iron gaining '4 per cent of carbon. The 
two forms of iron are thereby simultaneously converted 
into steel. 

Amount of Carbon in Iron. Malleable iron, steel, 
and pig-iron differ considerably in their properties, the 
differences observed being mainly due to the variation in 
the percentage of carbon present in the different varieties. 

Malleable iron may contain up to '15 per cent of carbon 
without its malleability being affected. In steel the 
carbon. varies from 0*15 up to 1*8 per cent, the "hard 
steels" containing a larger percentage of carbon than the 
"soft steels". When more than 1-8 per cent of carbon 
is present we have cast-iron. In molten pig-iron the carbon 
is chiefly present in sohition, though partly also in corn- 
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bination. A high temperature and slow solidification 
are conditions favourable to the separation of carbon 
from iron, in the form of graphitic scales (called "kish"), 
which are visible when the mass is cooled. Rapid 
solidification of the pig-iron is unfavourable to the 
separating out of the carbon, and it therefore remains 
combined with the iron. It will thus be seen that carbon 
exists in iron in two states, the free and the combined. 
In "gray'^ pig-iron the carbon exists principally in the 
graphitic or uncombined state. In "white" pig-iron the 
carbon is principally in the combined condition. When 
the proportions of combined and uncombined carbon are 
equal, a freshly fractured surface of the iron has a "pied" 
or speckled appearance, the gray graphitic plates being 
enclosed in a mesh work of white lines; it is then termed 
"mottled iron". 

"White" pig-iron can be changed into "gray" by 
melting and allowing the molten mass to cool slowly, when 
graphite or "kish" separates out. The addition of alu- 
minium or of silicon has the same effect. If " gray" iron 
is melted and then suddenly cooled, it is converted into 
the white variety. This is the principle of "chill-casting" 
employed in the manufacture of shrapnel shells. The 
quantity of carbon which iron is able to take up increases 
as the temperature of the metal increases. 

" Red-shortness." When iron is unworkable at a 
red-heat it is said to be "hot-short" or "red-short". 
This is due to the presence of certain impurities, such as 
arsenic and sulphur. 

"Cold-shortness." The presence of silicon or of 
phosphorus renders iron unworkable when cold, the 
metal cracking and presenting a crystalline fracture. It 
is then said to be " cold-short". Some varieties of iron 
are both red- and cold-short. 
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CHAPTER VIII. 

THE ORES OF IRON: PRIMITIVE PROCESSES FOR THE 
EXTRACTION OF IRON FROM ITS ORES. 

The Ores of Iron: their Physical Properties 
and Chemical Composition. — (1) Native Iron. 
Metallic iron is rarely met with in nature; certain basaltic 
rocks in Greenland contain particles and even large masses 
of nearly pure iron. And in New Zealand iron alloyed 
with nickel has been discovered, forming the mineral 
named Awaruite, Meteorites containing iron alloyed 
with nickel, cobalt, chromium, and other elements have 
been found in different parts of the world. Interspersed 
throughout the mass of nickelif erous iron, which consti- 
tutes the greater part of these visitors from space, we 
find certain crystalline minerals, as sulphides of iron, 
alicate of magnesia and iron, and phosphides of iron 
and nickel. The surfaces of the meteorites are covered 
naturally with a fine glaze or layer of melted glassy 
matter, which protects the iron within from rusting. 

Although iron occurs in a great variety of minerals in 
chemical combination with other elements, it is almost 
solely extracted from its oxides and its carbonates. 

(2) Magnetite, Magnetic Iron Ore, or Black Iron 
Oxide. This mineral when pure contains 72*4 per cent 
of iron; and each molecule consists of three atoms of 
iron combined with four atoms of oxygen, Fe304. It 
crystallizes in the cubic system. This oxide of iron is 
black in colour, giving a black streak when drawn across 
a plate of unglazed porcelain, and has a metallic lustre. 
It is a strongly magnetic substance, and is occasionally 
found naturally magnetized, when it is known as " lode- 
stone". Its specific gravity varies from 5 to 5*5. This 
ore of iron is sometimes found crystalline; but more 
usually in compact, granular, or earthy masses. It occurs 
in serpentine, in hornblende, and in chlorite schists, and 
also in certain crystalline limestones. The purest mag- 
netic iron ores are those of Persberg and Dannemora, in 

(084) £ 
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Sweden; the m*agnetite of Gelivard in Lapland contains 
much phosphorus. 

(3) Franklinite. This ore contains about 45*53 per 
cent of iron. It varies considerably in composition, con- 
taining the oxides of iron, zinc, and manganese, as repre- 
sented by the following formula: (FeZnMn)O. -l-(Fe2 
Mn2)03. Its specific gravity is 5*1; and like magnetite 
it crystallizes in the cubic system; but it is also found 
massive and compact. It is black in colour, and leaves 
a reddish-brown streak. Franklinite is chiefly found at 
Franklin and Stirling, New Jersey, U.S.A., where the 
zinc is first extracted, and the remaining compound of 
iron and manganese smelted as an iron ore. 

(4) Chromite. An oxide of chromium, iron, magne- 
sium, and aluminium, (MgFe)O-f (Cr2Al2)03, and con- 
taining about 22 per cent of iron. It crystallizes in the 
cubic system; is brownish -black in colour; and leaves a 
brown streak. Specific gravity = 4*4. This ore is found 
at Dun Mountain, New Zealand, and in the Bare Hills, 
near Baltimore, U.S.A. 

(5) Hematite or Red Iron Oxide. Each molecule of 
this important ore of iron consists of two atoms of iron 
combined with three atoms of oxygen, FogOg. When 
pure, which is very rarely the case, it contains 70 per 
cent of iron. It crystallizes in the hexagonal system; 
and also forms kidney-shaped and fibrous masses. The 
specific gravity of the crystalline forms is 5*3; being as 
low as 4*5 in the earthy varieties. Its colour varies 
from bluish iron-black in crystals, to bronze-red and ver- 
milion in the earthy or amorphous forms. It leaves a 
red streak upon an unglazed porcelain plate. 

The brilliant, well-crystallized forms of hematite are 
termed Specular iron we, and these are found at Elba, 
Brazil, and St. Gothard. Micaceous iron ore, a scaly com- 
pact variety, occurs in South Devon and in Brazil. Specu- 
lar schist or slaty hematite forms beds of great thickness 
at Marquetta, Lake Superior. Kidney iron ore is very 
abundant in Lancashire and Cumberland, occurring as 
large irregular masses in the Mountain Limestone of 
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those counties. Puddler's ore is a soft greasy form of 
hematite from Cleveland and Furness, which is employed 
for lining puddling furnaces. 

(6) IMenite or Titaniferous Iron Ore. The compo- 
sition of this ore varies; it contains iron, magnesium, 
titanium, and oxygen, as represented in the following 
formula— FeOTiOg . MgOTiOo. It contains about 20*6 
per cent of iron. It crystallizes in the hexagonal system; 
and also occurs massive and granular. Its specific gravity 
varies from 4*30 to 5*21. It is black or dark-gray in 
colour, and leaves a black streak. It is sometimes mag- 
netic. Titaniferous iron ores are usually free from phos- 
phorus and sulphur; but are very refractory. The chief 
localities are the Labrador beaches (where it occurs in the 
sand), and Arendal, in Norway. 

(7) Turgite. A hydrated oxide of iron, 2re203.HoO. 
It contains about 69 per cent of iron. It forms massive 
and fibrous lumps of a reddish-brown colour, and leaves 
a bright red streak. Its specific gravity is 3*74. The 
chief locality for this ore is Bogoslowsk, in the Urals. 

(8) Gfdthite. Also a hydrated oxide of iron, FcgOg. 
HgO; containing 63 per cent of iron. It crystallizes in 
the rhombic system. It has a yellowish-brown to black 
colour, and leaves a reddish-brown streak. Specific 
gravity = 3*8 to 4*4. The chief locality is Cornwall. 

(9) Limonite or Brown Iron Ore. A hydrated oxide 
of iron having the formula 2Feo03.6H20; and yielding 
60 per cent of metallic iron. Forms fibrous, granular-, 
and earthy masses. Brown to nearly black in colour; 
leaving a yellowish-brown streak. Its specific gravity 
varies from 3*6 to 4*4. The " Bean ore " of Germany, 
"Lake ore" of Sweden, together with "Yellow Ochre", 
are but varieties of limonite containing clay, sand, and 
phosphoric acid. 

(10) Chalybite, Siderite, or Spathic Iron Ore. This 
is a carbonate of iron, FeCOg, and contains 48*2 per cent 
of iron. It crystallizes in the hexagonal system. Yel- 
lowish-gray to brown in colour, and has a specific gravity 
of 3*7. This ore rarely occurs pure, generally containing 
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some manganese and calcium, and is often found mixed 
with clay, quartz, and carbonaceous matter. 

The varieties of spathic iron ore rich in manganese are 
smelted for the production of spiegeleisen and ferro- 
manganese. 

(11) Clay Ironstone and **Oubbin" are nodular masses 
of carbonate of iron containing an admixture of clay and 
carbonaceous matter. They are rery free from sulphur 
and phosphorus. 

(12) Black-band Ironstone is a compact iron carbonate, 
containing sufficient carbonaceous matter to burn when 
ignited, so that the ore can be calcined without the addi- 
tion of fuel. The Brendon Hills in Somersetshire, the 
Cleveland district, and Northampton are the chief k>eali- 
ties for stratified spathic iron ores. Clay ironstone also 
occurs in South Staffordshire and Yorkshire. The central 
coal-fields of Scotland yield black-band ironstone. 

(13) Iron Pyrites. A sulphide of iron, FeSg. It 
contains 46*7 per cent of iron, and 53*3 per cent of 
sulphur. Crystallizes in the cubic system. Usually 
brass -yellow to white in colour; leaves a blaek streak. 
Its specific gravity varies from 4*9 to 5*2. 

This mineral, although very abundant in Britain and 
several other countries, is only used as a source cd iron 
after the sulphur has been nearly all driven off in the 
manufacture of sulphuric acid. The residue consists 
mainly of oxide of iron, and is termed "blue billy"* 

Classification and Metallurgical Value of the 
Ores of Iron. Iron ores may be classified in many 
ways. 1. Simple ores, as magnetite; their value depend- 
ing upon the nature and amount of gangue associated 
with them. The gangue may be metallic, earthy, siliceous, 
or basic. 

2. Ores are also frequently divided into refractory 
and fusible. Or they may be classified according to the 
amount of metallic iron contained in them; iron ores 
are not considered rich if they do not contain at least 
50 per cent of the metal. 

3. Ores vary considerably as to the readiness with 
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TABLE OF IRON ORES. 



Oxides. 



Carbonatxs. 



Magnetite 



Ferric oxide, .., 
Ferrous oxide,.. 
Manganese oxide, 

Magnesia, 

Alumina, 

Lime, 

Silica, 

Carbon dioxide, 
Phosphorus pent- 
oxide, 

Sulphur, 

Water, 



Per cent. 
30-70 
15-55 
0- 1 
0- 2 
0-10 
0- 5 
0-25 
0- 5 

I 0- 2 

0- 2 
0- 5 



Hematite. 



Per cent. 

60-95 
0- 5 
0- 2 
0- 1 
0- 6 
0- 3 
1-25 
0- 2 

0- 8 

0- 1. 
0- 5 



Limonite. 



Spathic 
Ore. 



Per cent. 
50-90 

0- 2 
0- 2 
1-10 
0- 5 
1-30 
0- 5 

0- 3 

0- 1 
5-20 



Per cent 
0- 5 

20-60 
1-26 
0-10 
0- 5 
0-25 
0- 6 

36-40 

traces 

traces 
0- 6 



Clay 
Ironstone. 



Per cent 
0-10 

30-45 
0- 2 
1-10 
1-10 
1-10 
2-25 

20-35 



which they are reduced to the metallic state. Silicates, 
oxides containing silica, and titanif erous iron ores are diffi- 
cult to smelt, whilst porous oxides are comparatively easy. 

4. The size of the fragments of ore is often of great 
importance. 

Iron ores containing a good percentage of manganese 
(as FranUinite) are smelted for the production of spiegel- 
eisen and ferro-manganese. 

ChrorrUte yields iron and chromium alloys, from which 
a highly tenacious steel is produced. Ilmenite containing 
paore than 8 per cent of titanic acid is useless as an ore of 
iron; but may be used as a fettling or lining for puddling 
^iirnaces. Iron ores should be as free as possible from 
silica; and also from minerals containing sulphur ^nd 
phosphorus. 

Direct Extraction of Iron in the Malleable 
State from the Ore. In the earliest times, the iron 
ores were simply mixed with fuel and heated to redness, 
and the reduced metallic mass worked by hammering. 
By " direct extraction " we understand those methods in 
which cast-iron is produced at once by direct smelting; 
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the cast-iron being then immediately changed intowrought- 
iron or steel by decarburization. The iron is thus ex- 
tracted from the ore in one operation. The Catalan, 
Chenot, Blair's, and Siemens' processes, are methods in 
which workable iron is produced from iron ores in one 
operation (see scheme below, fig. 15). 

Primitive Appliances for Working Iron Ores. 
The earliest forges were always situated on the side of a 
hill, the hearth being merely a hole in the earth. A 

Smelting Shingling B«heating 




Fiunace. Hammer 

Fig. 16.— Scheme for the production of Iron and Steel by direct prooeises. 

natural draught of air was first used, this being in later 
times replaced first by single and then by double acting 
bellows. 

The first fuel used was charcoal, only easily reducible 
ores being smelted. The iron was thus obtained as a 
spongy mass, the loss of metal being very great 

In Finland at the present day, bog-iron ores are smelted 
in a simple open furnace; the iron so produced contains 
much phosphorus, but is very malleable. 

Catalan Process for the Direct Smelting of 
Iron Ores. The Catalan forge still lingers in the 
south of France, in Spain, and among the Austrian hills. 
It consists of a forge and a blowing machine called a 
**Trompe". 

Limonite, hematite, and spathic ores are the forms of 
iron ore usually smelted, the first of these being preferred. 
The forge consists of a shallow, oval cavity, wider at the 
top than at the bottom, and slightly coned upwards to- 
wards the working side. The bottom is made of refrac- 
tory stone, the f orestone being of wrought-iron. A twyer, 
T, enters through the back of the forge and is inclined at 
an angle of 30 degrees 40 minutes, and is 2 feet 9 inches 
from the bottom of the cavity (see fig. 16). 
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About 10 cwts. of ore are crushed to powder and sifted 
to get rid of the lumps. The hearth is used while still 
red-hot from the previous charge, a mass of incandescent 
charcoal being left at the bottom; fresh charcoal is then 
added until the lower end of the twyer is nearly reached. 
A plate of iron is now introduced, dividing the cavity into 
two parts; more charcoal is placed on the twyer side of 
this, and ore on the other side. The ore is heaped up 



Fig. 16.— Catalan Forge, t, Twyer. 

until it forms a low mound outside the cavity. The iron 
plate is now withdrawn and the blast turned on. Car- 
bonic oxide is at once formed, which penetrates the 
mass of ore, reducing it to metallic iron as soon as the 
temperature is high enough. The first product to be 
foi-med is ferrous oxide, FeO, and this combines with 
the silica present, producing a fluid slag, having the com- 
position 2 FeO. Si Og. A considerable amount of slag is 
accordingly formed at the expense of the iron. The 
nature of the iron obtained varies very considerably; a 
little cast-iron is occasionally produced, but only a small 
part of the metal is fused. The amount of carbon retained 
in the iron is dependent upon the degree of oxidation, 
on the inclination of the twyer, and also upon the length 
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of time the iron is allowed to remain in contact with the 
fluid slag of basic silicate of iron. 

The Catalan process resembles the puddling process in 
the chemical reactions which take place. In both pro- 
cesses the action is oxidizing, the formation of a basic 

ferrous silicate being a fea- 
ture common to the two 
processes. 

Trompe, or Blowing 
Machine. The"Trompe^ 
or machine used for supply- 
ing the blast to the Catalan 
forge, was introduced in 
the 17th century. It con- 
sists of a wooden tube, A, 
12 to 15 feet high, with 
lateral orifices, B, B, slant- 
ing downwards into the 
tube from the outside. The 
top of the wooden tube 
can be closed at will by a 
plug. The upper end of 
the tube passes into a tank, 
T, filled with water and 
open to the air; the lower 
end is connected with the 
wind-chest, w, in which 
air accumulates; both the 
tank and the wind -chest 
w5^iS:;te'^T>S°i?^l'iJ'^^^ hol<i about 10 tons of water 

tuba B» B, Lateral orifice* c. Outlet (^qq fig, 17). Qn lifting 

up the plug, water falls 
down the tube with accelerated velocity, air bein£ 
thereby dragged in through the lateral orifices, and 
passing along with the water into the wind-chest. The 
water falls upon a ledge in the wind-chest and flows 
away through a hole c in the bottom. The air passes as 
a strong current or "blast" through the twyer into the 
furnace; this blast of air is saturated with water vapour. 
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The action of the "Trompe" was first explained by 
Sprengel in 1865. 

Indirect Extraction of Iron in the state of 
Cast-iron from the Ore. By the "indirect" ex- 
traction of iron from the ore, is understood first the pre- 
paration of pig or cast iron; and then the preparation of 
wrought-iron from this pig-iron by fining and puddling, 
or by inverse cementation. 

Thus, in the indirect process, instead of obtaining 
workable iron in 07ie operation, as in the Catalan and 
Siemens processes, the iron has to undergo a series of 
operations whereby its impurities are successively elimi- 
nated, and wrought or malleable iron is produced (see 
scheme above, fig. 18). 



CHAPTER IX. 



THE MODERN BLAST-FURNACE: ITS CONSTRUCTION AND 

ITS USES. 

Calcination and Roasting of Iron Ores. As 

before mentioned the object of calcining and roasting 
metallic ores is to remove volatile products, and to render 
the ores spongy and porous. 

In many countries spathic and clayey iron ores are 
simply roasted in heaps. The ore is heaped up on a 
paved floor, and a little coal or turf or faggots of wood 
is added for fuel. In Lanarkshire, these heaps are built 
from 3 feet to 12 feet high, requiring from 10 to 12 per 
cent of fuel. 

It is more usual, however, to calcine the iron ores in 
some form of kiln or furnace. In these calcining fur- 
naces the heat should not be so great as to produce either 
fusion or agglomeration of the ore. 

One of the best forms of roasting furnace is that known 
as " Gjers ", largely used for roasting the spathic ores of 
the Cleveland district. This furnace is about 30 feet 
high and 18 feet wide at the top, the diameter at the 

Digitized by L^OOQ IC 



THE MODERN BLAST-FURNACE. 



76 




"boshes'* being about 20 feet, and at the base about 
14 feet (see fig. 19). The body of the furnace is of fire- 
brick, encased in wrought-iron plates, and is supported 
by cast-iron pillars, p, P. In the centre of the base of the 
furnace is an iron cone, c, 8 feet 
in height, and of the same dia- 
meter at its base. 

The calcined ore is discharged 
through openings, 0,0, around 
the base of the furnace, being 
directed outwards by the iron 
cone. Such a furnace has a 
capacity of about 6000 cubic feet, 
three days being required for the 
roasting. 

Vat-like furnaces are some- 
times used, gaseous fuel being 
projected into them. In the 
"Dannemora" kiln, heat is sup- 
plied by introducing blast-furnace 
gases through ten tubes, air being also admitted into the 
kiln to effect the combustion of these gases. 

Description of the Modern Blast-furnace; 
foundation, hearth, twyer openings, twyers, 
tunnel head, bracing, blast main, and blast 
pipes. In England, blast-furnaces were first introduced 
about 1300 A.D. for smelting the iron ores found on the 
borders of Surrey and Sussex. In the sixteenth century. 
Queen Elizabeth placed several restrictions on iron 
smelting in Surrey and Sussex, owing to the nuisances 
created thereby, and to the destruction of the forests 
for the production of the charcoal required in the oper- 
ation of smelting. In 1611, a patent was granted to 
utilize, coal in blast-furnaces; but this early attempt was 
not successful. In 1735, Abraham Darby first applied 
coke to the blast-furnace. 

The height of a blast-furnace <iepends on the nature 
of the fuel used and on the character of the ore to be 
smelted. Thus in the Cleveland district the furnaces 



Fig. 19.— OjexB Furnace, o. Cone. 
p, p, Pillars, o, o, Lateral openiug& 
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are built high, as the ore found there is comparatively 
light in weight. In the older forms of blast-furnace there 
was above the charging gallery (round the top of the 
furnace) a slighter brickwork continuation of the internal 
cavity which was termed the tunnel head, in which door- 
holes were pierced (closed with 
movable iron doors) for the 
introduction of the charge of 
ore, fuel, &c. 

The modern blast-furnace is 
barrel-shaped or nearly cylin- 
drical in form, and varies in 
height from 39 ft. to 75 ft. 
The diameter varies from 6 ft. 
to 28 ft. ; but in the latter type 
of furnace there is a tendency 
for the gases to move up the 
sides of the furnace, thus leav- 
ing a central column of ore 
which is only incompletely 
acted upon (see fig. 20). 

The widest part of the fur- 
nace (wiiere the interior angle 
of the furnace changes) is called 
the "boshes", e,E; in some fur- 
naces there are either no boshes 
at all or the change in curve is 
very slight. 
Kpso-BiMfc-famaoe. x. The cup. The exterior casinff of a blast- 

B, Movable cone, k, Flue for waste .1. 1 e 1 

gaaes.. e b. Boshes, it k, Twyers. fumaCC IS fOHUed Of WTOUght- 
L, Main DlaBt. 1, Hearth. . _ • . i . 9^ 

iron plates nveted together. 
Within these is built the casing of ordinary masonry; 
the interior of the furnace being lined with fire-brick. 
Between the fire-brick lining and the masonry is a layer 
of sand or powdered coke, which allows the fire-brick 
lining to expand and contract without disturbing the 
external masonry. The furnace is supported by a cast- 
iron ring resting on iron pillars; which in their turn 
rest upon a prepared foundation. 
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The foundation of the blast-furnace in the Middles- 
brough district consists entirely (up to the ground-level) 
of brickwork resting on clay. Above this point a 
circular base is carriea up to a height of 7 feet in solid 
brickwork, chiefly of fire-brick, with a stone curb all 
round on which the iron pillars supporting the body of 
the furnace rest (see fig. 21). 

The hearth, or rectangular space, i, at the bottom of the 
furnace in which the molten iron collects is independent 



Vig. 2L— Blastrfamaoe. a, Main blast, b. Pillars supporting body of furnace, i, Hearth. 
■., Twyers. x. The dam. f. Iron dam-plate, o, Fore-hearth, a, Tymp-stone. 

of the masonry of the body of the furnace. It is lined 
with a highly refractory non-corrosive material capable 
of withstanding the action of great heat and of the molten 
slags. The width of the hearth varies in different locali- 
ties, being from 6 to 8 feet wide in Scotland; from 
5 to 9 feet in Wales; and 8 feet wide in the Cleveland 
district. 

Three sides of the hearth or crucible are occupied by 
the twyers, K, K; the fourth side being arranged for the 
tapping out of the molten iron and slag. Towards this 
side (known as the front or working side) the hearth is 
continued for a short distance, forming the fore-hearth 
(g, fig. 21), which is itself bounded in front by the dam- 
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stone, E. The arch covering the fore-hearth is termed 
the tymp-arch, H. In many cases this fore-hearth is dis- 
pensed with altogether. The tap-hole through which the 
molten iron runs out of the furnace is a narrow slit pass- 
ing through the base of the dam-stone, and is plugged 
during the smelting of the ore with a lump of clay. 

The openings in the sides of the hearth within which 
the twyers are placed must not be too far apart, for the 
distance by which the twyers are separated from each 




Fig. 2a.--Twyer8. 

other is extremely important. The twyers are supplied 
with hot air by a wide pipe called the blast main, which 
divides into separate pipes (blast-jnpes) after it enters the 
furnace; each blast-pipe carrying air to a twyer. 

The twyers through which the blast of hot air is 
forced into the furnace vary in diameter according to the 
volume of the blast (see fig. 22). In the Cleveland fur- 
naces there are from four to seven twyers to each furnace, 
each twyer having a diameter of 6 inches; this diameter 
being greater than usual owing to the great width and 
height of the furnaces used in that district. The average 
pressure of the blast of air at the twyer is from 4 to 5 
lbs. per square inch. The twyers are placed from 3 feet 
to 3 feet 6 inches above the floor of the hearth. Each 
twyer consists of a wrought-iron coiled tube encased in 
the sides of a cast-iron tube. Water traverses the coiled 
tube, thus preventing the twyer from melting. In 
Lloyd's spray twyer, a spray of cold water is conveyed 
between the double sides of the nose of the twyer. 
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ACTION OF THE BLAST-FURNACR 

In a blast-furnace there are two streams or currents 
to be noticed: (1) an ascending current of hot gases; and 
(2) a descending solid stream of fuel, flux, and ore. 

Heat is produced by the combustion of the fuel near 
the twyers, the temperatui-e being very high where com- 
bustion occurs, and decreasing gradually towards the top 
of the furnace. The mixture of ore and fuel as it 
descends is slowly heated, and the ore is ultimately 
reduced to metallic iron by the chemical reactions which 
take place between it and the constituents of the heated 
ascending gaseous ciu*rent 

The velocities of the two currents are, however, very 
different. The gas ascends rapidly, retarded of course 
to some extent by the descending current, at the rate of 
about 3 feet per second. The solid current of ore and 
fuel on the other hand descends with a velocity of only 
about 3 feet per hour. 

The rate at which reduction of the ore takes place 
depends on (1) the purity, (2) the tempei-ature, and (3) 
the velocity of the gaseous currents. The temperature 
and degree of velocity of the ascending current varies of 
course with the force of the blast. 

The composition of the upward gaseous current de- 
pends on the relation of the air admitted to the amount 
of fuel and ore charged in; and its composition slowly 
changes as it rises from the twyers to the throat of the 
furnace. Near the twyers,. carbonic oxide is the principal 
gas; and as this carbonic oxide rises higher in the 
furnace, it reduces the oxides of iron in the ore; being 
itself thereby converted into carbon dioxide. The car- 
bon dioxide may pass out from the furnace as such; or 
it may combine with incandescent solid carbon (from 
the fuel) and thus revert to the state of carbonic oxide 
again. 

The carbon in the fuel, &c., contained in the furnace 
may be burnt in two ways : — 



Digitized by VjOOQ iC 



80 ELEMENTARY METALLURGY. 

(1) It may be actually burnt at the level of the 
twyers by means of the oxygen in the air-blast; or — 

(2) It may be burnt at a higher level by reducing the 
carbon dioxide. 

As carbonic oxide is the active reducing agent in the 
blast-furnace, the greatest care must be taken to regulate 
the rates of the ascending and the descending currents; 
so that there shall be no undue combustion of carbon by 
carbon dioxide in a part of the furnace where it could 
do no good. Should the carbon dioxide combine with 
carbon higher up, as near the throat of the furnace, car- 
bonic oxide would be formed, which in that positicm 
could be of no service as a reducing agent. 

The relation of the carbonic oxide to the carbon 
dioxide in the gaseous current is modified by the velocity 
and temperature of the blast; and it also depends in part 
on the nature of the fuel used. For instance, charcoal 
favours the formation of carbonic oxide more than coke 
does; and coke more than anthracite. 

It must be remembered that the iron-master has in 
reality only one class of compounds to deal with, namely, 
the oxides of iron; and that the reduction of these 
oxides to metallic iron in the blast-furnace is really 
effected by the agency of carbonic oxide. Now the 
reductive energy of carbonic oxide depends upon its 
purity and its temperature; while the purity of the 
reduced iron depends on the purity of the ore and fuel 
and the temperature of the furnace. 

Hot Blast. The " blast " (or introduction of a current 
of air into a furnace), in anything like its present form, 
was first used at the Carron ironworks, and was there 
worked by water-power. When steam came into general 
use as a source of power, the blast came to be almost 
universally employed. In 1828 Neilson conceived the 
idea of heating the blast of air before admitting it into 
the furnace, and took out a patent for "The improved 
application of air to produce heat in stoves, furnaces, &c." 
At first the innovation was regarded with suspicion by 
iron-masters; but in 1869, of the 4,000,000 to 5,000,000 
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tons of pig-iron produced in the United Kingdom, only 
from 1000 to 2000 tons were produced by "cold blast". 

The advantages of using a hot blast are obvious. Heat 
is thereby conveyed into the furnace; while if cold air is 
admitted its temperature has to be raised at the expense 
of the heat of the furnace. Less carbon is burnt, and 
less is required for the fusion and reduction of the aces; 
there is thus a saving 
of fuel when the hot 
blast is used. The 
yield of iron, too, is 
greater, and the iron 
itself is more uniform 
in composition. The 
interpenetration of 
the descending cur- 
rent of ore and the 
ascending current of 
gases is also regu- 
lated by the use of 
the hot blast. K 
the furnace works 
badly, a remedy is at 
once found by in- 
creasing the blast 

The chief disadvantage of the hot blast is that the 
oxides of silicon, calcium, magnesium, manganese, and 
aluminium are reduced as well as the oxide of iron. 

These five elements (along with sulphur and phosphorus 
— ^whose oxides are easily reducible) then pass into and 
mingle or combine with the metallic iron. 

Apparatus for Heating the Blast. The blast o{ 
air may be heated in two ways : — (a) by passing the 
current of air through, cast-iron pipes, heated externally 
by a distinct or special fire; or (b) by causing the air to 
traverse fire-brick chambers, which have been previously 
heated by the hot waste ^ses from the blast-furnace. 

Syphon -pipe for Production of Hot Blast. 
Cold air is caused to pass through syphon tubes or pipes 

(964) F 
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fastened end to end by sockets made tight with sand, a 
fire being lighted beneath to heat the cold air as it passes 
through the tubes (see fig. 23). The syphon-pipes, instead 
of being in a long row, are doubled on themselves, form- 
ing a round box-oven heated by a fire. Serpentine tubes 
were also at one time emplojred, these in some cases 
being fixed at the top of and being heated by the escaping 
flames of the blast-furnace. 

The Gases of Iron -smelting Blast-furnaces. 
The composition of the gases of blast-furnaces depends 
upon the part of the furnace from which the gases are 
drawn. The gases form an ascending current, and were 
formerly allowed to escape into the air, but are now 
always conveyed away by pipes and their heat extracted 
from them. We have already stated that in blast-fur- 
naces for iron-smelting the iron oxides are reduced by 
carbonic oxide, CO. If, therefore, the rapidity of l^e 
ascending current of hot gases be too great, only a partial 
reduction of the ore can take place, and a considerable 
amount of the iron will pass into the slag. If, however, 
the gaseous current be too slow, the carbonic oxide is 
rapidly converted into carbon dioxide at the expense of 
the blast, and thus the reducing gases are wasted. 

Composition of Furnace Gases. 



Nitrogen, 
Carbonic oxide, 
Carbon dioxide, 


Lowest percentage. 
52 
22 


Highest percentage. 
70 
41 


4 


22 


Marsh gas, ... 
Hydrogen, ... 


0-1 


3 


01 


6 



Utilization of the Gases Escaping from Blast- 
furnaces. The gases escaping from blast-furnaces have 
a very high temperature, and by suitable appliances they 
may be made to give up their heat, wmch may then 
be utilized for heating the blast or the boilers, &c. 

Cowper and Whitwell Stoves. — These consist of cylin- 
drical towers with a low-domed roof. The tower is made 
of wrought-iron plates riveted together and lined inside 
with ordinary fire-bricks. In Cowper's stove the space 
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within the tower is filled with chequered bricks, IFIiit- 
weWs stove being filled with a serpentine conduit of bricks. 

The stoves (whether Cowper's or WhitwelFs) are 
worked in pairs, one stove being heated by the gases from 
the blast-furnace, 
whilst the other is 
heating the blast. 
They are from 50 
to 55 feet high, 
and vary from 20 
to 25 feet in dia- 
meter, and' cost 
about £600 each. 
It is better to use 
a large number of 
small stoves rather 
than a few large 
ones. 

In Cowper's 
stove (see fig. 24) 
the heated gases 
from the furnace 
enter by the flue 
V into the com- 
bustion chamber 
m, m, the necessary 
quantity of air for 
their combustion 
entering by the 
valve A. The hot 
products travel 
through the che- 
rt n^r Vkrir»lrTirnrlr / / Fig. 24.— Part Sectional Elevation of a Oowper Hot- 
quer UnCKWOlK t, t blast store. A^Air-valve. v, Gas-flue, o, Giis-valve. 
lrtMx\r\r\CT if. rpH. nt,in. Combustion chamber. <,<, Chequer brickwork. 
^mdKlIlg lU rtJU- o. Valve for regulating draught, u. Chimney-flue. 

hot), and pass 

thence into the chimney-flue u. The stove being 
heated, the valves A, c, and g are closed, and cold air is 
admitted through the flues at the bottom of the stove. 
This cold air rises through the hot brickwork, becoming 
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more and more heated as it ascends, and escapes through 
the hot-blast valve H, which has previously been open^ 
The hot air escaping from H has a temperature of from 
700° to 800° C. 

In Whitweirs stove the combustion of the blast-furnace 
gasesis more com- 
plete, air being 
admitted at sev- 
eral points to 
effect a total com- 
bustion of the 
gases. The gases 
enter the stove 
at A, and mixing 
with air admitted 
by flues into c, 
are partly burnt, 
and pass from 
thence down the 
narrow conduits 
X to the bottom. 
More air is ad- 
mitted at this 
point, when com- 
plete combustion 
of the gases en- 
sues (see fig. 
25). The heated 

Fig. 25.— Whitwell's Stove, a, Gaa-yalve. c, Combuation -nrnHiipf « -nAca 

chamber, x, d, Narrow conduitB. e. Chimney valve. piuuui.LO pass 

through another 
set of narrow conduits or passages D, and finally pass 
out through the chimney-valve E. Around the base of 
the stove are placed spyholes covered with mica; through 
these the combustion is watched. When the stove is 
sufficiently heated, the gas, air, and chimney valves are 
closed and the blast-valve opened, the blast then travers- 
ing the heated passages in the opposite direction to that 
travelled by the furnace gases. 

The Cowper stove becomes rapidly choked with dust, 
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and the friction of the gases against the sides of the 
stove is ako very great. In WhitweU's stove there is 
twice the heating surface. The Cowper and Whitwell 
stoves are sometimes combined, and many modifications 
of the two have also been devised. 

Modes of taking off the Gases with Open- 
mouthed and with Closed-mouthed Furnaces. 
Formerly the gases generated in the blast-furnace were 
allowed to escape, the mouth of the furnace being left 
open. The tops of modern furnaces are now bmlt in 
such a way that these waste gases may be collected and 
utilized. This very desirable object ought to be effected 
in such a manner 
that there shall be 
no loss of heat from 
the furnace, and no 
loss of gas whilst 
charging. In large 
furnaces there is a 
tendency for the 
gas to follow the 
walls of the fur- 
nace; therefore in 
charging such fur- 
naces the central 
part of the charge must be made porous. The gases 
will then tend to accumulate in the centre (where they 
are most required) and not at the sides. 

The gases are taken off from open-mouthed furnaces 
by a central vertical tube placed in the charge itself, and 
passing down towards the centre of the furnace; this 
causes the gases to rush up the centre of the mass of the 
charge. Frequently a cylindrical hopper is used to dis- 
tribute the charge, and any gas collecting in the annular 
space between the hopper and the walls of the furnace is 
drawn off by iron pipes which pass through the brick- 
woi;k. 

In closed -mouthed furnaces movable cones are em- 
ployed both for charging the furnaces and for taking 




Fig. 26.— Upper Part of a Blast-fnmaoe. a. The fixed 
cup. B, Movable cone, c, Tube for conveying the waste 
gases to the Ck>wper'8 or Wnitwell's stoves. 
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off the waste gas. The simplest forms are usually the 
best, the complicated fonns soon getting out of order 
from the high temperature to which they are subjected. 

The arrangement most frequently used is that termed 
the "cup and cone" (see fig. 26). This consists of a 
movable iron cone, B, which descends and so moves away 
from a fixed cup or funnel-shaped hopper. A, the base of 
the cone being larger than the rim of the cup. The gases 
pass through a lateral flue into the main or " take-off" 
pipe, c. The ore and fuel are placed in the cup, and the 
cone being lowered automatically or by a hand-wheel, 
the charge falls into the furnace, after which the cone is 
raised and so restored to its former position. 

Tapping the Furnace. The hole through which 
the molten metal is tapped out passes through the dam- 
stone, and is closed during the working of the fiunace 
by a lump of fire-clay. The fire-clay must not be of too 
refractory a nature or it will give rise to a "hard tap", 
and it will then be very difficult to force a hole with an 
iron bar through this "hard tap" in order to tap or let 
out the liquid metal. 

The molten slag is allowed to run out through a hole 
about 18 inches below the twyers, and. which is therefore 
above the main tapping hole through which the metal 
itself is tapped. 

The molten iron issuing from the furnace is caused to 
run into channels made in sand, the main channel being 
tei-med the sow, the lateral smaller channels being called 
the pigs. 



CHAPTER X. 

VARIETIES OF IRON :-~PIG-IRON, CAST-IRON, MALLEABLE 
IRON, REFINED IRON— THE PUDDLING PROCESS. 

Various kinds of Pig-iron. The crude product 
obtained from the blast-furnace consists of iron combined 
with varying though small amounts of carbon, silicon, 
sulphur, phosphorus, and manganese; and sometimes it 
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also contains a very little titanium, chromium, tungsten, 
copper, and arsenic. It is termed " pig-iron ". 

Pig-iron is classified according to the appearance pre- 
sented by a fractured surface; the character of the surface 
depending upon the condition of the included carbon. 

The carbon is " incorporated " with the pig-iron in a 
very peculiar manner. If the pig-iron has cooled slowly, 
the carbon separates out as crystalline small graphitic 
scales; the iron then is large-grained, and grayish in colour. 
This is " gray '* pig-iron. In some cases only part of the 
carbon occurs in the graphitic condition, the remainder 
being combined with the iron. A fractured surface then 
presents a speckled appearance; and the metal is termed 
" mottled " pig-iron. The relation of the amount of carbon 
in the graphitic form, to that in the combined form, de- 
pends upon the rate of cooling and on the presence of 
silicon. 

Silicon promotes the formation of graphitic carbon. 
When pig-iron is rapidly cooled very little of the carbon 
separates out as graphite; and " white " iron is then pro- 
duced. 

It must be noticed that the total amount of carbon in 
these three varieties of iron does not vary very much, yet 
in their physical properties they differ considerably. 

The following table shows the proportions of graphitic 
and of combined carbon in "gray", in "mottled , and 
in " white ** pig-iron. 

VARiBTnw OP Pig-iron. 



Combined carbon, 

Graphitic or free carbon, 

Total, 


Gray. 


Mottled. 


White. 


Per cent. 
0-08 
3-40 


Per cent. 
1-43 
2-02 


Per cent. 
3-17 
0-12 


3-48 


3-45 


3-29 



On remelting gray iron and cooling quickly, white iron 
is formed; the reverse occurring when molten white iron 
is cooled slowly. 
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White iron is produced in the blast-furnace, the first 
pigs tapped being of this kind. On fusing white iron it 
passes throu^ a pasty condition before iD^coming fluid; 
while gray iron passes quickly from the solid to the Kquid 
state when fused. 

White iron is most suitable for the production of 
malleable iron; gray iron being employed for castings, as 
it expands on solidifying. 

Production of Malleable Iron from Caist-iron. 
In the blast-furnace the iron becomes carburized, and 
also combines with other elements, such as silicon, sulphur, 
phosphorus, &c., all of which must be looked upon as 
impurities. To produce malleable iron the caibon and 
these other elements must be removed. 

Nature of the Processes, by which the carbon, 
silicon, &c., are eliminated: — 

There must be intimate contact between the pig-iron 
to be purified, the ^, and the oxides of iron used. The 
pig-iron and the iron oxides must be thoroughly incor- 
porated with one another, or the oxides will either form 
silicates and pass away into the slag, or will remain as a 
layer upon the top of the molten mass of iron. As a 
rule the pig-iron is the first to be acted upon by the 
oxygen (this gas is supplied from the air, and is also 
liberated from the oxides of iron). The oxidized iron 
next yields up its oxygen to the impurities; which are 
thus oxidized in their turn, and then pass away as part 
of the slag, or are removed as gases. 

The processes by which purification of blast-furnace 
iron is effected are: — 1st, The Open-fire or Finery pro- 
cess; 2nd, The Refinery process; and 3rd, The Wet and 
Dry Puddling processes. 

Slags or Cinders produced in Finery Pro- 
cesses. The " slags " formed during the finery processes 
are highly basic, the proportion of ferrous oxide (FeO) to 
the silica (SiOg) contained in them being very high. The 
chemical composition of such slags may be represented 
by the formula 3FeO . SiOg. 

They also contain oxide of manganese; and the pre- 
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sence of this substance, together with the ferrous oxide, 
makes the slags very fusible and fluid. 

Bade silicates pass rapidly from the solid to the liquid 
state, and mce versa; and soon cool after thev have solidi- 
fied. When cold they are brittle, and break "short". 

Running-out Fire or Refinery. Refining some- 
times, but not often, precedes puddling. A molten lay«r 



Fig. 27.— Befinery Hearth, c. The health. ■, ■, Hollow water-jacketed waUe. 
T, T, Blast-pipes. 6, h, Twyers. 

of iron is exposed to a blast of air from inclined twyers; 
the silicon and part of the carbon are thereby removed, 
and a large quantity of slag and cinder is formed. By 
this process gray iron is converted into white iron by 
rapid cooling. 

The bottom of the hearth is of grit, fire-brick, or argil- 
laceous sand; the hearth, c, is bounded at the back and 
sides by hollow iron castings, E, through which water con- 
stantly circulates. The front of the hearth is closed by 
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a cast-iron plate having a tap-hole (see fig. 27). The 
hearth is surmounted by a brick chimney. In front of 
the furnace is a casting mould, also made of cast-iron, 
supported by long cisterns, through which cold water 
flows. The refined iron on entering the mould is rapidly 
cooled, carbon is not able to separate out as graphitic 
scales, and white iron is thus produced. 

The furnace is filled with ignited coke or charcoal to 
the level of the twyers, 5, ft; on this is placed a mixture 
of scrap-iron and pig-iron previously heated to redness, 
together with layers of fuel. Slags rich in ferrous oxide 
are also added; and the blast is then turned on. The 
iron melts and falls to the bottom of the hearth; a layer 
of slag being superimposed upon it. The molten iron is 
then run into the casting mould. 

Composition of Refined Iron. During the pro- 
cess of refining, the silicon is almost totally removed from 
the iron; the phosphorus, however, is but slightly acted 
on. 

An iron which originally contained 2*6 per cent of 
carbon, had this reduced by refining to 2*3 per cent; the 
silicon present was reduced from 2*0 per cent to 0*1 per 
cent; the sulphur from '5 to 0*4 per cent; and the phos- 
phorus from 0*9 to 0*8 per cent. 

Owing to the rapidity with which the iron is cooled, 
the greater part of the carbon present in the refined iron 
is found in the combined state. 

Composition of Refinery Slags or Cinders. 
Eefinery slags are essentially monosilicates of iron, con- 
taining two atoms of oxygen in the base, and two atoms 
of oxygen in the acid, as represented by the formula 
2FeO.Si02. 

The Puddling Process. Henry Cort invented 
the "puddling" process, and patented it in 1774. It is 
essentially a process for refining pig-iron in a reverbera- 
tory furnace. The atmosphere of the puddling furnace 
must be oxidizing, and the iron is purified both by the 
action of this oxidizing atmosphere and by the oxygen 
derived from the slag. The bed of the furnace is hori- 
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zontal, the bath of molten metal being of small thickness. 
The mass of iron must be energetically and continuously 
stirred in order that every part of it may come into contact 
"with the oxidizing agents. By this means the silicon, 
manganese, phosphorus, sulphur, and carbon are con- 
verted into oxides; and are then eliminated in the above 
order. Great use is made of the damper; for, by admit- 
ting or excluding air, the temperature of the furnace may 



Pig. 28.— Paddling Famace. a, Hearth, b, Fire-grate, o. Fire-bridge. 
D, Flue-bridge, e, Working-door, f, Chimney, o, Fire-hole. 

be raised or lowered at will, and the process arrested at 
any stage. 

Pig Boiling and Dry Puddling Furnace. The 
puddling furnace consists of a reverberatory furnace 
provided with a low roof which slants from the fireplace 
to the flue (see fig. 28). The bed. A, is formed of iron 
plates; the fire-bridge, C, and flue-bridge, D, consisting of 
hollow iron castings encased and surrounded by fire-brick. 
The sides of the furnace are also composed of hollow iron 
castings, through which cold water circulates to prevent 
their fusion. The laboratory or working part of the 
furnace is about 6 feet long and 4 feet wide, tapering 
slightly towards the flue-bridge. The working door, E, 
and the fire-hole, G, are on the same side of the furnace, 
the area of the fire-grate, b, varying from one-third to 
one-half the area of the laboratory. The working door is 
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made of fire-bricks set in an iron frame, the frame being 
attached to a lever by which it can be raised or lowered. 

The roof of the furnace is made of siliceous bricks, 
the fiame from the grate impinging upon the roof, and 
being deflected by it on to the metal. The furnace bed 
was originally lined with sand, but this has of late years 
been replaced by red oxide of iron, hammer-scale, slags 
rich in iron oxide, ilmenite, and other compounds rich in 
oxygen. The sides of the furnace are covered with "bull- 
dog ', a substance rich in oxide of iron ; this covering is 
known as the " fettling ". 

Invention of Iron Bottoms. The most important 
improvement in connection with puddling furnaces is 
the introduction of iron sides and bottoms. Fusion of 
the iron in these parts is prevented by allowing water to 
pass through hollow iron castings and so cooling the sides 
of the furnace. Before iron was employed in this 
manner, the walls of the puddling furnace were con- 
structed of siliceous bricks, the bottom being covered 
with sand. As a consequence of this, the siliceous 
materials furnished silica, which, combining with the 
oxide of iron, yielded a silicate of iron; thus robbing the 
furnace of oxygen and also causing a waste of metal. 

Manipulations in the Pudaling Process. The 
manipulation of the puddling process differs according 
to the nature of the pig-iron to be refined. 

Dry Fuddling. This is the original process introduced 
by Cort, and is available for pig-iron containing a com- 
paratively small amount of carbon. It may be divided 
into three stages: — 1st, fusion; 2nd, stirring; 3rd, for- 
mation and treatment of the blooms. 

Five or six hundredweights of pig-iron are heated at 
a time, hammer-scale and rich slags being added. The 
working-door is closed; the damper is opened, and the 
mixture fuses to a pasty mass in about 20 minutes. 
The ingredients of the imperfectly fused mass are now 
thoroughly mixed by stirring them with a curved rod 
called a "rabble", so causing the slag and the iron to 
become incorporated. First the silicon and manganese, 
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and then the phosphorus become oxidized, and pass into 
the slags; the sulphur in its turn also becomes oxidized 
and passes off as sulphur dioxide gas. Lastly, the carbon 
is oxidized and is eliminated partly as carbonic oxide gas, 
and partly as carbon dioxide gas. As the iron becomes 
purer, it becomes less fusible; the temperature is there- 
fore gradually increased by regulating the damper, and 
the iron becomes united together and gathers into large 
masses, or " comes to nature" as the workmen say. The 
carbonic oxide escaping from the pasty mass bums, giving 
rise to " puddler's candles ". 

This first part of the process lasts from 20 to 30 
minutes, a flat, sponge-like mass of iron full of entangled 
slag being produced. The temperature is now again 
raised, and these large portions are divided into smaller 
blooms. Finally the pasty "blooms" or balls of iron are 
removed to the steam-hammer, and the liquid slag is 
there hammered or squeezed out, the carbonic oxide also 
escaping and burning all the time. 

Wet Puddling or Pig Boiling. — This process is less 
rapid and more costly than the dry method, and is only 
used for refining gray pig-iron rich in carbon. It may 
be divided into three stages as in dry puddling. 

But> unlike the process of dry puddling, there is in 
"wet puddling" a complete fluidity of the bath of molten 
iron within the furnace; the melting down requiring 
from an hour to an hour and a quarter. Siliceous pig- 
iron rich in carbon is used, and if steel is required man- 
ganiferous pig-iron must be employed. The bed of the 
furnace being composed of an oxidized slag, the molten 
iron lies between a lower oxidized slag and an upper 
basic slag which floats upon its surface. The iron is 
either completely decarburized, or only just sufl&cient 
carbon is left to form steel. 

The silicon, manganese, phosphorus, sulphur, and car- 
bon are removed in the order named, each and all being 
oxidized and then either passing into the slag or being 
removed as gases. In the last stages of the process the 
oxygen combines directly with the carbon, producing car- 
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bonic oxide, which causes the mass of iron to swell and 
bubble up, while jets of gas escape. All this occurs during 
the rabbling or stirring of the molten bath. We thus get 
two subdivisions of the period of rabbling: — (1) Sconfi- 
cation and removal of the silicon, manganese, &c.; (2) 
Decarburization of the iron by the formation of carbonic 
oxide, this latter being known as the "boiling phase". 
As the amount of carbon diminishes, the temperature of 
the furnace must be raised, when the metallic mass 
agglutinates and becomes spongy. The process must be 
arrested as soon as the carbon has been removed, or the 
iron itself will begin to oxidize. 

When manganese is present, the puddling can be 
arrested so as to leave just enough carbon to form a 
definite shade of steel. The manganese retards the 
decarburization of the iron by reducing the FogO^ to 
FeO, which change would otherwise be effected by the 
carbon. So that when the iron contains manganese, the 
strong affinity of this latter metal for oxygen retards the 
formation of FegO^. 

The spongy mass of iron is collected into balls and 
hammered or squeezed to extract the slag. The ham- 
mered or shingled mass still contains silicon, manganese, 
carbon, phosphorus, and sulphur in small quantities, 
probably contained in the included slag which has not as 
yet been completely removed. 

Composition of Tap-cinder. The slag from the 
puddling furnace is termed "tap-cinder". It is practi- 
cally a silicate of iron, containing two atoms of oxygen 
in the base, and two atoms of oxygen in the acid. Its 
chemical composition may be represented by the formula 
2 FeO. Si Oo. This shows it to be a monosilicate derived 

from silicic acid hO^^^^OH' ^^ substituting for the 

four hydrogen atoms in the hydroxyl groups (OH) two 

atoms of iron, thus Fe<^Q^Si<Q^^Fe. 

Many of the impurities originally contained in the 
iron pass into and are found in the "tap-cinder" — 
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phosphoric acid and silicate and oxide of manganese, for 
instance. The slag becomes more and more pasty as its 
components become oxidized, the ferrous oxide (FeO) 
becoming changed into ferric oxide (FcgOg), thus making 
the mass more infusible. 



CHAPTER XL 



WORKING OP PUDDLED IRON : ITS CONVERSION INTO 
FINISHED IRON, TIN-PLATES, &c. 

Working of the Ball. To prepare the puddle balls 
or " blooms ' for the rolling-mills, they must undergo the 
process known as "shingling". This is the name given 
to the operation by which the slag is hammered or 
squeezed out, and the iron rendered compact and more 
uniform in structure. This process of "shingling" or 
" blooming " is effected either by steam-hammers, or by 
squeezers moved by steam power or by water-wheels. 

Forge Hammers. The forge hammers by which 
the blooms of puddled iron are worked into flat cake-like 
masses suitable for 
passing between the 
rolls, are very varied 
in form. 

In many iron- 
works the old forms 

still exist, as the rig. 29.-Tilt Hammer. H, Hammer-head. 

' c, c, Caro'VueeL 

tilt and helve ham- 
mers; but these are being gradually replaced by the 
steam-hammer invented by Nasmyth. The advantages 
of this hammer are that it takes up but little room as 
compared with the old helve hammers, and also that the 
force of the blow can be varied with the work to be done. 
Tilt Hammers. These consist of a wooden shaft 
hooped with wrought -iron; this shaft acts as a lever 
working on a fulcrum (see fig. 29). To one end of the 
shaft is attached the head or hammer, H, which weighs 
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from 5 to 10 cwts., and which falls upon an anvil placed 
below. The other end of the shaft is depressed at in- 
tervals by the teeth of a revolving cam-wheel, c,c, worked 
by steam-power. The head is thus raised as each tooth 
of the cam-wheel passes, and then falls by its own weight 
Helves or Lift Hammers. These consist of heavy 
levers of cast-iron working on a fixed fulcrum, F, at one 

end, and having 
H TT the head or ham- 
mer, H, attached 
to the other end. 
They are raised by 
acam-wheeljC, and 
fall by their own 
weight (see fig. 30). 
In the "beUy-helve" the cam -wheel is placed partly 
below the surface of the ground; each projection of the 
cam-wheel acting on a projecting piece of iron forming 
part of the lever or shaft of the helve, and termed a 
"bray". The hammer is thus raised from 10 to 40 
inches, and falls when the tooth of the cam-wheel passes. 




Vig. 90.— Helre Hammer, v. Fulcrum, h. Hammer 
o, Cam-wheel. 




Fig. 31.— Double Crocodile-squeezer, a, Loirer jair. a. Upper jaw. 

The anvil upon which the puddled iron is placed is made 
of wrought -iron, and is attached to a heavy casting to 
give it steadiness. 

Squeezers. By the use of "squeezers" the welding 
of the puddled ball and the removal of the included slag 
are effected by presswre^ and not by impact as in the case 
of the hammers. Two kinds of squeezers are in use : (1) 
the lever, and (2) the rotatory squeezer. 
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The crocodile -squeezer belongs to the former class. 
The lower jaw A, of this squeezer is fixed, the upper jaw, b, 
alone being movable (see fig. 31). The under surface of 
the movable jaw, where it comes into contact with the ball 
of iron, is ribbed or serrated. The upper jaw is moved 
by a crank connected with the engine. The bloom of 
puddled iron is inserted between the open jaws of the 
squeezer, and is gradually rolled by the workman from 
the wide end to the narrow end. The slag contained 
within the bloom is thus expelled, 
and the particles of iron welded 
together to form a coherent mass. 

Eotatory Squeezers. These con- 
sist of a revolving cylinder (a), the 
surface of which is roughened or 
studded with teeth (see fig. 32). 
This cylinder is placed eccentric- 
ally with regard to the outer casing 

(b\ which is also roughened inter- Fig. 32.-Rotatory squeeMr. 
nally. The ball of iron is intro- ^c^'tiu^^!' l'&^" 
duced into the wide space (c), and is 
then carried forward by the motion of the cylinder (a). 

Since the space between the cylinder and the outer 
casing gradually diminishes, the ball is squeezed or com- 
pressed into less volume, and leaves the space (d) in a 
condition ready for rolling. As the distance between 
the cylinder and the outer casing is fixed, the balls of iron 
to be introduced must always be of an uniform size. 

Puddling or Puddle Rolls. The forge-train con- 
sists of two sets of rolls, the roughing rolls, A, and the 
finishing rolls, B (see fig. 33). The roughing rolls (through 
which the hammered cake of puddled iron is first passed) 
are about 5 feet long, and about 20 inches in diameter; 
they are so adjusted as to form a series of diamond-shaped 
grooves between them, which diminish regularly in size 
n*om one end to the other. The distance between the 
rolls is determined by adjusting the screws (a), and the 
connection between the two rolls is established by means 
of the cogs attached at b, b, (see fig. 33). The necks or 

(984) o 
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"journals" of the rolls run 
in metal bearings, which 
are supported in cast-iron 
"housings" (c, c). 

The finishing rolls are 
arranged similarly to the 
roughing rolls, but have 
rectangular channels in- 
stead of the diamond- 
shaped grooves. These 
channels also diminish in 
size from one end of 
the rolls to the other. 
If The two sets of rolls are 
«v connected together by 
^'g couplings (d), keyed tightly 
^1 together. The two rolls 
1^5 of each pair therefore re- 
|g volve with the same velo- 
^-| city, while the roughing 
gl rolls make 70 revolutions 
« « per minute, and the finish- 
|| ing rolls 90 revolutions 
I «> per minute. 
Sl Both sets of rolls are 
|§ reversible, so that after 
the cake of iron has been 
passed through in one 
? direction, the rolls can be 
p- reversed or caused to re- 
I volve in the opposite direc- 
I tion, and the iron is then 
^\ returned through the rolls 
8 back again. 
S Each bloom of iron is 

passed successively through 
the grooves of tne rough- 
ing rolls, commencing with 
the largest groove, until 
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the bloom is reduced to a square bar small enough to 
enter the channel-like grooves of the finishing rolls. In the 
finishing rolls the reduction of the iron rod is continued 
until a puddled bar of the desired thickness is obtained. 
Working of the Puddled Bar into Merchant 
or Finished Iron. The bars of iron which have been 



Fig. Si.— Reheating Furnace, a, Fire-grate, b, Hearth, o. Working-door, d, Flue. 

furnace, and are then again hammered or rolled into 
any desired form. 

Reheating Furnace, with Coal as Fuel. In this 
process the forged bars and shingled masses of iron, 
which, it must be remembered, still contain some slag 
disseminated through their mass, are reheated on the bed 
of a reverberatory furnace, where they are made to yield 
up the slag and other impurities which they contain. 
The slag when heated gives up certain silicates, termed 
neutral silicates, which being very fluid flow away, leav- 
ing a more or less pasty residuum of basic silicates in the 
iron. These basic silicates react upon the metallic fluid 
mass, combining with the phosphorus, silicon, and other 
impurities. The latter substances are in fact thus 
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converted into oxides, which pass away in and along 
with the fluid mass of neutral silicates or slag. 

The reheating furnace is of the reverberatory type, and 
resembles the puddling furnace, but has a greater area of 
fire-grate, A, compared with the volume of the laboratory 
part, B, than is the case with the puddling furnace (see 
ig. 34^. The bed is usually horizontal, but it is some- 
times mclined towards the flue, D, to admit of the melted 
slag running off^. It was formerly lined with sand or 
quartzose clay, but these materials have of late years been 
replaced by pure iron ores. The slag from the reheating 
furnace is termed " flue-cinder **. 

Piling to produce Merchant Iron. This is 
effected by cutting puddled bars into suitable lengths, 
packing them into oblong piles 
(binding them together with iron 
bands or wire), and raising them 
to a welding heat in a reheating 
furnace. On removing each pile 
from the furnace it is at once 
passed through the rolls, and 
then forms "merchant bars", or 
it may be rolled into iron sheets 
or into any desired form. 

The arrangement of the 
puddled bars forming the piles 
varies at different foundries. The commonest method 
is to place a number of new unfinished bars between 
two finished bars and then to weld the whole together. 
Another method is to weld a number of bars, B, on a 
Tnshaped piece T (see fig. 35). 

Varieties of Sheet Iron and Slit Rods. For 
making iron plates puddled bars are made into piles, 
heated in the reheating furnace, and afterwards rolled 
to the required thickness between smooth rolls. The 
thin plates intended for tinning are called " black-plates", 
and are doubled over upon themselves after reheating, 
80 that several sheets are rolled together. The plates 
are afterwards cut to the proper size and separated. 




Fig. 85.— Section of Piled Ban 
B. Unfinished bars, t, T-shaped 
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Tin-plates, In the year 1720 works were erected 
at Pontypool for the manufacture of "tin-plates"; and 
these were the first works in England where the art of 
coating iron plates with a thin layer of iron-tin alloy- 
was successfully practised. It was not, however, until 
the year 1783 (when Henry Cort invented the grooved 
rolls) that the tinning of iron plates attained a good 
position as an important British industry. 

On leaving the plate-mill the thin iron plates are 
separated, sprinkled with sawdust to keep them separate 
or apart from one another, and immersed or " pickled * 



Hg. 86.-Tiii-plate Plant. 

in dilute sulphuric acid. They are then heated for about 
24 hours, passed through the cold rolls (to remove any 
iron scale), and again heated at a low heat. The plates 
are then washed in dilute sulphuric acid, and finally are 
well scoured with sand and water. The plates now look 
very bright and clean^ and are ready to be tinned. 

The tinning compartment contains at least six pots, 
each heated by a separate fire. They are named as 
foUows: — 1, The tinman's pot; 2, the tin-pot; 3, the 
dipping-pot; 4, the grease-pot; 5, the cold-pot; 6, the 
list-pot (see fig. 36). 

The tinman^s pot contains melted grease, and into this 
liquid the iron plates are immersed. They are then re- 
moved to the tin-poty and are there plunged into molten tin, 
which is covered with a layer of grease. The plates here 
receive an irregular coating of tin, and are immediately 
transferred to the dipping-pot, which is divided into two 
compartments, each compartment containing molten tin 
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and grease. After being plunged into the first compart- 
ment the plates are removed and wiped over with a brush ; 
to remove the brush marks the plates are dipped into the 
second compartment, which contains the purest tin. 

The plates are now passed on to the grease-pot, which 
is full of melted grease, the object of this being to allow 
any superfluous tin on the plates to run off. They are 
then removed to the cold-pot, which contains tallow 
heated only to a low temperature. Here the plates 
cool slowly, and are annealed. Finally, in the list-pot 
is a little molten tin (which is at a temperature much 
above its melting-point), in which the lower edge of each 
plate is dipped in order to remove the bead or wire of 
tin which has accumulated there, each plate being also 
smartly tapped with a stick to aid in detaching the 
excess of tin. 

Charcoal Plates. These are plates made from iron 
of a superior quality, and are intended for the manufac- 
ture of tin-plates. In their production charcoal is used 
in the Jineries and in the reheating furnace instead of coke. 
Less impurities are thus introduced into the metal, and 
it is consequently more malleable, and can be more easily 
rolled out to form the thin black -plates which are 
required for tinning. 



CHAPTER Xn. 



CONVERSION OF IRON INTO STEEL: THE BESSEMER 
PROCESS, &c. 

Classification of Processes for Production of 
Steel. The various processes for producing steel may 
be classified as follows: — 

1st. By direct methods, as in the Catalan forge, the 
Hindoo and Burmese forges, &c. 

2nd. From pig-iron in the finery. 

3rd. By puddling pig-iron. 
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4th. By the cementation process, and the case-harden- 
ing process. 

5th. By the heating of blister steel, pure iron oxides, 
or iron with carbon in crucibles. 

6th. By the Bessemer and Thomas-Gilchrist processes. 

7th. In open hearths, such as Siemens', Pernot's, Pon- 
sard's, and Dick's furnaces. 

Carburization of Bar-iron. The wrought-iron to 
be carburized must consist of the best Swedish, Russian, 
or Low Moor bar-iron. On surrounding bar-iron with 
carbonaceous matter and raising its temperature to from 
1000° to 1170° C. conversion of the wrought-iron into 
steel takes place without any fusion of the iron. 

The bars of iron employed in this process are from 
2 to 5 inches broad, and from | to f of an inch thick. 
A layer of powdered charcoal is spread evenly over the 
bottom of each chest; upon this are placed the bars with 
their flat sides down, but not touching one another. A 
layer of two inches of charcoal is placed over the bars; 
and upon this more bars are laid, and so on until the 
chests are filled. The whole is then covered with scraps of 
siliceous grit (from grindstones), termed "wheelswharf ", 
and this frits and forms a protecting layer. A hole is 
left at the end of each chest communicating with the 
exterior of the furnace, and in this hole bars of wrought- 
iron ("trial bars") imbedded in charcoal are placed. 
These trial bars are withdrawn at intervals, and their 
fracture indicates the degree of carburization. The fur- 
nace fire is lighted and the temperature gradually raised, 
the whole process lasting 6, 7, or 8 days. From 16 to 
18 tons of bar-iron are usually treated at the same time 
in one furnace. The degree of carburization is different 
for different purposes, and it is never uniform, the ex- 
terior of each bar always containing more carbon than 
the interior. The product is termed "blister" steel, 
owing to the surface of each bar being covered with 
blisters, due in all probability to the reduction of oxide 
of iron in the inclosed slag and the evolution of carbonic 
oxide. Great care must be taken not to allow the tem- 
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perature to exceed 1170° C, or the surface of the iron 
is fused, and "glazed" bars are formed. If air is admitted 
the bars have a rough surface, and a thin film of iron is 
produced upon each bar. Such " glazed " and " aired ^ 
oars are unfit for making crucible steel. The increase of 
weight gained by the bars during the converting process 
is about 4 lbs. per ton. 

For every ton of steel produced, 13^ cwts. of charcoal 
are required. 

How does the carbon find its way into the iron? All 
forged bars contain thin layers of silicate of iron, and the 
carbon acting upon this compound at a high temperature 
reduces the iron contained in it to the ferrous condition. 
Ingot metal, which is free from this cinder or iron silicate, 
is carburized much less rapidly than puddled wrought- 
iron, and the characteristic blistered surface is not pro- 
duced. The presence of cinder must also play an impor- 
tant part in promoting the penetration of the carbon. . 

It seems probable that carbon is conveyed into the 
bars by the gaseous compounds of carbon, as carbonic 
oxide and certain hydrocarbons. Carbonic oxide gas 
being formed is absorbed or occluded by the metal; on 
an elevation of temperature this carbonic oxide is decom- 
posed, and the liberated carbon combines with the iron. 
Thus:— 

2 CO = CO2 + C 

Carbonic oxide p-oduces Carbon dioxide and Carbon. 

The liberated carbon dioxide then combines with more 
carbon (from the charcoal in which the iron is embedded), 
forming more carbonic oxide, which is again decom- 
posed ; — 

CO^ + C = 2 CO 

Carbon dioxide and Carbon produce Carbonic oxide. 

The same charcoal can, however, only be used a few 
times. 

Converting Furnace. The converting furnace, in 
which the carburization of bar-iron is effected, consists 
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of two rectangular chests of siliceous stone, c, c, arranged 
one on each side of the fireplace, g, which traverses the 
whole length of the furnace. 

Beneath these chests are horizontal flues, o, 0, which 
are continued vertically between the external walls of 
the furnace and the 
sides of the chests 
(see fig. 37). The 
roof is arched, and is 
traversed by flues to 
allow of the escape 
of gases, &c. The 
walls of the chests 
are about 6 inches 
thick, and each chest 
is from 12 to 14 feet 
in length; they are 
about 3 feet 6 inches 
in width and depth. 
The furnace rests 
upon solid masonry 
to totally exclude the 

air, the flues and pig. sz.-Cementation Fumace. c. c. Rectangular 
roof beine made of c*»«^ o. Plreplaoe. o, o, Lat«ral Auw. B,ABh-pit. 
, o D, l/himney. 

fire-bnck. 

Carburization by Fusing Compact Iron with 
Carbonaceous Matter. In the Bessemer, Siemens- 
Martin, and Huntsman processes the carburization of 
iron is brought about by adding carbon to molten iron. 
But direct combination of iron and carbon is attended 
with some difficulty. If, however, a compound of iron, 
manganese, and carbon is added to the molten iron, car- 
burization of the latter metal takes place rapidly, and 
steel is produced. The compound of iron, manganese, 
and carbon used for this purpose is called spiegeleisen or 
"mirror-iron", owing to the brilliant faces presented by 
crystals of this compound. 

Spiegeleisen is really a variety of white pig-iron, and 
it may be added to the molten iron contained in the 
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Bessemer converter or in the Siemens furnace either in 
the solid or in the molten condition. 

Bessemer Process for the Manufacture of 
Steel. This process was patented by (Sir) Henry 
Bessemer in 1855. Essentially the process is conducted 
in a large iron vessel called a Conve^'ter, through the 
bottom of which jets of highly-compressed air enter, this 
air oxidizing, heating, and stirring up the molten bath 
of iron contained in the converter as it rises through it. 
A considerable amount of heat is lost by radiation and 
conduction, but this is more than compensated for by 
the heat developed during the oxidation and burning of 
the silicon, phosphorus, manganese, and carbon present 
in the iroH. 

Two distinct modes of working are adopted. In the 
" Acid " Bessemer process the converter is lined with an 
acid material, i.e. a highly siliceous sandstone termed 
ganister, and only iron free from sulphur and phosphorus 
is employed, since these two elements cannot be removed 
from the iron by this "Acid " process. 

In the "Basic" Bessemer process the converter is lined 
with calcined dolomite, a limestone consisting of the 
carbonates of lime and magnesia, and which is a basic 
material. By thus employing a basic lining both sul- 
phur and phosphorus may be eliminated from pig-iron. 

When starting an operation incandescent coke is charged 
into the converter, and the blast is turned on at a low 
pressure. As soon as it is sufficiently heated, the con- 
verter is brought to a horizontal position, so that the 
molten pig-iron which is run into it will not touch the 
twyers. The pig-iron is either run directly from the 
blast-furnace or it is melted in a special cupola communi- 
cating with the converter by channels lined with fire- 
clay. The blast is now increased, and the converter 
returned to the vertical position. Streams of air issue 
rapidly from the twyer holes, and bubble upwards through 
the molten metal. Two and sometimes three distinct 
phenomena now occur. First, there is a true scorificar 
tion- and second, a true decarburization. In the first, 
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the silicon, manganese, and a little iron are oxidized and 
converted into fixed oxides, as silica, &c. This consti- 
tutes the " quiet " stage. 

After the removal of the silicon and manganese the 
second stage sets in; the carbon becomes oxidized and is 
converted into carbonic oxide and carbon dioxide, and 
these gases escaping upwards through the molten iron 
causes it to "boil". When this "boiling" begins, the 
flame at the mouth of the converter increases in volume, 
slight detonations occur, and decarburization of the iron 
ensues. At this stage the carbon is oxidized chiefly by 
the upward passage of air through the molten iron, and 
not by the action of dissolved oxides as in the puddling 
process. 

As the carbon disappears and the boiling ceases the 
flame drops and assumes a brownish colour; the iron is 
now being oxidized. During the whole process abun- 
dant fumes are evolved, these being due to the escape of 
oxides of iron, silicon, and manganese. 

Theoretically the process might be stopped at any 
stage of decarburization, and the product (wrought-iron) 
poured into moulds. This is very rarely done, the blow- 
ing being continued until the whole of the carbon is 
removed. 

To convert the molten wrought-iron in the converter 
into steel it becomes necessary to recarburize it : spiegel- 
eisen is therefore added. When we do not want to 
recarburize the iron, ferromanganese is added. The 
spiegeleisen not only recarburizes the iron, but its man- 
ganese acts on the dissolved iron oxide and removes it. 
When the spiegeleisen is added a new ebullition is set 
up, carbonic oxide being given off, but this second boiling 
is less pronounced than the first. The manganese also 
improves the quality of the steel. 

The entire operation requires from 15 to 30 minutes. 
Phosphorus, however, cannot be removed by the "Acid " 
Bessemer process. In 1835 Berthier showed that in 
order to remove phosphorus from iron, the slags formed 
during the process must be basic. Snelus in 1872 patented 
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a basic lining for the Bessemer converter, but did not 
develop the process. In 1874 Messrs. Thomas and Gil- 
christ patented their process, which consisted of a lining 
of silicate of soda and limestone. Another composition 
which answers the same purpose consists of powdered 
calcined dolomite rendered adhesive by the addition of 
tar. 

The pig-iron usually employed in this "Basic" process 
contains from J to 1 per cent of silicon, -8 to 3 per cent 
of phosphorus, under *3 per cent of sulphur, and not more 
than 2| per cent of manganese. The best results are 
obtained from pig-iron containing about 3 per cent of 
phosphorus, the best steel being obtained from Scotch 
and Staffordshire pig-iron. The process is similar to the 
" Acid " process, but when the point is reached at which 
the ordinary " Acid " process is stopped, the " Basic '* 
process is continued for from 100 to 300 seconds longer. 
This continuation of the blast is termed the "after-blo\f^", 
and is absolutely necessary if the phosphorus is to be 
eliminated. The basic slags resulting from this pi'ocess 
contain more iron than the slags from the "Acid" pro- 
cess, and are returned to the blast-furnace to be re- 
smelted. 

The molten steel contained in the converter is now 
cast into ingots, the converter being brought to the hori- 
zontal position and the metal run into a large iron ladle 
lined with ganister or calcined dolomite. This ladle is 
conveyed by a crane to a position over the ingot moulds, 
and the molten steel is then allowed to flow into the 
moulds by removing a plug from a hole in the bottom of 
the ladle. 

Many attempts have been made to roll the steel ingots 
before they cool (so as to save reheating), but although 
the outside may have solidified, the interior of the ingots 
is still fluid or pasty. Consequently the ingots are usually 
allowed to cool, and are then again reheated in some form 
of reverberatory furnace. To obviate the necessity for 
reheating, Gjers introduced " soaking pits ". These con- 
sist of pits built of brick and lined with fire-clay; they 
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are rather deeper than the ingots are long, the ingots 
nearly filling the pits; the top of the pits, however, being 
from 6 to 18 inches above the top of the ingots. By 
means of a crane the hot ingots are transferred from the 
moulds to the soaking pits, and are left there for twenty 
to thirty minutes, the top being closed with a cover. 
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Fig.88.— Bessemer Converter, a. Body of converter, 'm, Twyer box. k, k, Castors on 
which to remove twyer box. k, i, Standards for supporting the converter, m, Trun- 
nion. H, Gearing for tipping the converter, l, o, d, e, Hollow blast-pipe. 

The atmosphere of the pits is furnished by the gases 
given off from the hot steel, and consists of nitrogen 63 
per cent, hydrogen 25 per cent, and carbonic oxide 8 per 
cent. The heat of these gases is returned to the cooling 
sides of the ingots; and these being uniformly heated cool 
uniformly also, and may be rolled directly afterwards. 

Description of the Apparatus used in the 
Bessemer Process. The Bessemer vessel or "con- 
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verter ", A, is made of various sizes, capable of holding 
from 3 to 15 tons of metal at each charge; and these are 
called respectively 3, 5, 10, and 15 ton converters (see 
fig. 38). 

A 6-ton converter is 8 feet in height, and 12 feet 6 
inches in diameter. The wrought-iron plates of which 



Fig. 40.— Vertical Section through the Bessemer Oonyerter. ▲, Twyer box. a, a, Twyers. 
D, D, Standards, e, Hollow trunnion, e. Blast-pipe, d, Tipping gear. 

the converter is made are J inch in thickness, and are 
riveted together. The converter is lined either with 
ganisteTy as in the Acid Bessemer process; or with calcined 
dolomite, as in the Basic Bessemer process (see fig. 40). 

The bottom of the converter is removable, being simply 
bolted on to the body of the vessel; its inner surface is 
flat, and is penetrated by from 7 to 1 2 conical clay twyers, 
a a (see fig. 40), 20 inches in length, each twyer having 
12 apertures for the admission of the blast. Below the 
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twyers is the twyer box, A, connected by a curved pipe^ 
e, with the hollow trunnion of the converter, E, and 
thereby with the blowing apparatus (see fig. 40). 

The converters are usually worked in pairs, one on 
either side of a casting pit. This pit contains the ingot 
moulds into which the molten metal is poured. In the 
centre of the pit is a hydraulic lift, to the top of which 
is attached a platform of wrought-iron girders carrying 
at one end the casting ladle into which the metal is poured 
from the converter, and from which 
it is tapped into the ingot moulds. 
The casting ladle, c, is formed 
of iron plates riveted together, and 
is also lined with ganister or dolo- 
mite (see fig. 41). The molten 
metal is tapped into the ingot 
Pig. 4i.-Be«emer Carting moulds from the bottom of this 
L^^ie^c, caating ladle, b. jg^^jj^^ ^y rcmoviug a Vertical iron 

rod, R, which is covered with fire- 
clay, and one end of which fits into a hole at the bottom 
of the ladle. 

Casting of Steel. A process for making cast or 
crucible steel was patented by Huntsman as long ago as 
1740. An extremely high temperature is required, and 
this is now obtained by using a Siemens regenerative 
furnace. The steel is melted in skittle-pots, the level 
of the furnace being on the same level as the floor. 
" Blister " or cementation steel is melted in the crucibles 
and cast into ingots. The cast-steel is usually termed 
" Huntsman " steel. 

Mushet afterwards patented a process for preparing 
cast-steel by heating together malleable bar and scrap 
iron with carbonaceous matter. Later on, he substituted 
pure iron ores for scrap-iron. In 1839, Heath added a 
so-called carburet of manganese, prepared by heating to- 
gether charcoal and manganese oxide, and obtained a more 
homogeneous metal than had hitherto been the case. It 
was afterwards discovered that the preliminary heating 
together of the charcoal and manganese oxide was not 
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necessary; the same results being obtained if the two 
were added to the molten iron separately. 

Cast-steel can also be made by melting up malleable 
iron and scrap steel mixed with powdered charcoal and 
speigeleisen. 

Furnaces and Crucibles for the Casting of 
Steel. The furnace in which the manufacture of cast- 
steel is effected consists of a number of rectangular 
holes on a level with the floor; each hole is lined with 
ganister or fire-bricks, and is about 3 feet deep by 2 feet 



Fig. 43.— Furnace for OMt-steel. a, Furnace, b. Crucibles. x>, d, Regenerator. 

square (see fig. 42). Each hole, A, contains two crucibles 
or melting pots, B, covered with lids ; and from each hole 
a flue conveys the products of combustion to a square 
chimney-stack. Formerly, coke was burned around each 
crucible; but c6ke-fires have been superseded by gas- 
furnaces upon the Siemens regenerative principle, D, D. 
The crucibles are made of a mixture of fire-clay with 
burnt-clay and coke-dust; and are from 16 inches to 19 
inches in height, being 9 inches in diameter at the widest 
part, and 7 inches in diameter at the top. Each crucible 
is provided with a lid of the same composition as the 
crucible; and each crucible must be carefully dried and 
annealed before use. 

Fusion of Steel in the Reverberatory Furnace. 

The formation of steel by heating together cast-iron and 
wrought-iron was first suggested by Reaumur. 

Siemens in England, and Martin in France, have intro- 

(984) H 
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duced processes whereby steel of any shade may be 
obtained at will by melting together wrought-iron and 
pig-iron in reverberatory furnaces of the regenerative 
type. If the pig-iron is tolerably free from sulphur and 
phosphorus, all that is necessary is to dissolve the pig- 
iron in a bath of wrought-iron at a high temperature. 
Thus, if 2 cwts. of pig-iron containing 4 per cent of 
carbon, are added to 6 cwts. of wrought-iron containing 
1 per cent of carbon, 8 cwts. of steel of a certain shade of 
earburization are obtained. 

As the atmosphere of the reverberatory furnace in 
which the steel is formed is an oxidizing one, a partial 
refining of the metal takes place; the silicon and man- 
ganese are oxidized and removed by the slag. 

The Siemens-Martin process is conducted as follows : — 
The pig-iron is first introduced into the reverberatory 
furnace in a fluid state direct from the blast-furnace. 
Scrap-iron and scrap- steel are heated to redness and 
introduced into the furnace together with oxide of iron 
in the form of rich hematite iron ores. The silicon and 
manganese which may be present are first oxidized, 
after which the carbon is attacked. When the carbon 
is oxidized there is seen a distinct boiling of tl^e molten 
metal due to the escape of carbonic oxide. The amount 
of carbon left in the metal is tested by withdrawing a 
small portion of the metal with a ladle, allowing it to 
cool, and examining a fractured surface. The oxidation 
of the carbon is effected by the oxygen gas liberated 
from the oxide of iron which was introduced; this oxide 
being itself reduced to metallic iron. If the operation 
is carried to the extreme limit, that is, if the whole of 
the carbon is oxidized and removed, a nearly pure malle- 
able iron is obtained. Any oxygen which may be left 
as oxide in the mass of molten iron is removed by adding 
ferromanganese, a form of pig-iron containing iron and 
manganese, but very little carbon. Ferromanganese thus 
acts as a deoxidizing agent. 

If the wrought-iron now obtained has to be converted 
into steel, a certain amount of spiegeleisen must be added 
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to it. This oompound contains carbon, which it yields 
up to the iron (thus converting it into steel), and the 
proportion of spiegeleisen to be added will depend upon 
the variety of steel which it is desired to obtain. 



Tig. 48.— Siemens' Open-hearth Furnace with Gas Producer, a, Furnace. 
B, Gnis-producer. c. Chequer brickwork. 

The following is a charge worked at the Landore iron 
and steel works : — 



Pig-iron, 


4i tons. 


Scrap-steel, ... 


15 cwts. 


Scrap-iron, 


16 cwts. 


Rich iron ore, 


15 cwts. 


Ferromanganese, 


8 to 12 per cent. 



In Siemens' pig-iron and ore process, 5 tons of pig- 
iron are treated in one furnace; and after 4 or 5 hours, 
iron ore is added. This causes the molten mass to boil 
violently, owing to the oxygen of the ore combining with 
the carbon contained in the pig-iron and so forming car- 
bonic oxide. More ore is added from time to time, so 
as to keep up the boiling. Spiegeleisen is then added, 
and the fluid bath of metal allowed to stand. The heavy 
nietallic iron then separates from the lighter slag, pieces 
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of limestone being added, if necessary, to increase the 
fluidity of the slag and so hasten the precipitation of 
the iron. 

When the proper pitch of decarburization of the iron 
is reached, more spiegeleisen is added in order to produce 
the desired shade of steel. The meta.1 is tapped out as 
soon as this spiegeleisen has melted. 

The heat of the furnace is such that the liquid metal, 
after any addition of iron oxide or spiegeleisen, may be 
kept exactly at the same temperature and in the same 
state for any length of time. Because of this, the 
Siemens' and Martin's processes are much better adapted 
for producing steel for large and heavy castings than 
the Bessemer process. There is much less difficulty in 
keeping the contents of 4 or 5 open-hearth reverberatory 
furnaces ready for pouring at one time, than in having 
4 or 5 Bessemer converters all ready at the same time 
(see fig. 43). 
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THE PRECIOUS METALS. 



CHAPTER Xm. 

GOLD AND ITS ALLOYS: THE ORES OF GOLD, AND THE 
EXTRACTION OF THE PRECIOUS METAL THEREFROM. 

Gold as a Metal. As far back as our history ex- 
tends this metal has always been highly valued for 
purposes of ornament and coinage. The reason of this 
is not far to seek Gold is a rare metal, and the only 
yellow one of which we have any knowledge. It is un- 
acted on by air or by oxygen, and accordingly does not 
tarnish; whilst even sulphur is without action upon it 
at any temperature. Gold in this respect markedly 
differs from the metal silver. 

The property, however, by which gold was best known 
to the early chemists was that' it was indifferent to the 
action of any one acid; being only dissolved by a mixtwre 
of acids. The mixtui-e generally employed for this 
purpose is aqua regia, a mixture of hydrochloric and 
nitric acids in the relative proportions of 3 of the former 
to 1 of the latter. There is, however, one acid now 
known to us which will attack gold, that being selenic 
acid; and this constitutes the only exception. The Latin 
name for gold is Aurum, whence its chemical symbol, Au, 

Occurrence of Gold. Gold is one of the most 
widely distributed of all metals. Though of such wide 
distribution it is very seldom found in large quantities 
in any one district. This being so, it is a comparatively 
rare metal as far as quantity is concerned. 

" Native " Gold. Gold is almost always found pure 
or in the native state, occurring usually in the sands of 
rivers and in alluvial deposits, or in veins of quartz. In 
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these deposits it is found either in the form of minute 
grains, or as nodules. These nodules when large are 
called nuggets; the largest nugget hitherto obtained 
being the " Welcome " nugget of Ballarat, in Australia, 
weighing 184 lbs. Besides these sources, gold also occurs 
contained in many ores such as galena, argentite, and 
copper pyrites, and these are sometimes worked up for 
the gold they contain, if it is present in sufficient quan- 
tities. 

Tellurides of Gold. These minerals contain from 18 
to 25 per cent of gold, and from 14 to 26 per cent of 
silver. 

Pure Gold. Gold in a state of absolute purity, or 
even closely approaching that state, is never met with 
in commerce, its softness preventing it having any useful 
applications. Still this absolutely pure gold is required 
in certain special cases, and is then obtained as follows: — 
A fairly pure form of native gold (the impurities in which 
are usually platinum and silver) is taken, and dissolved 
in the usual solvent, viz. aqua regia. This converts the 
gold into chloride of gold; the impurities it contains ac- 
companying it in a like condition. The acid solution is 
then evaporated down to complete dryness, and the acids 
are thus expelled. The residue is now redissolved in a 
very small amount of water, and a few drops of a strong 
solution of ammonium chloride added. The platintim in 
the solution is by this means precipitated, having com- 
bined with the ammonium chloride to form an insoluble 
salt. This precipitate is removed by filtration, and a 
clear liquid is so obtained, which, when allowed to stand 
for a week, completely precipitates anjr silver it contains 
as silver chloride. The remaining liquid is now a solution 
of pure gold chloride. Through this solution a stream 
of sulphur dioxide is allowed to pass; which, being a 
strong reducing agent, precipitates all the gold in the 
form of a fine black powder. This powder is collected, 
washed, and then boiled with hydrochloric acid; again 
washed with warm water, and finally dried. 

After undergoing all these processes the resulting 
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powder may be said to be "pure gold"; but it still ccm- 
tains about "02 per cent of impurity. 

Physical Properties of Gold. The colour of gold 
is a true yellow. When beaten into thin leaves and 
viewed by transmitted light the metal appears green; but 
when in a very fine state of division it is dark-red or 
black. 

The ductility and malleability of gold are greater than 
those of any other known metal. So malleable, indeed, is 
gold that it is possible to produce gold-leaf (by beating 
out the metal) which does not exceed the ^^^nnr*^ ^^ ^^ 
inch in thickness. And the metal is so ductile, that Fara- 
day calculated that the comparatively small amount of 
gold contained in four sovereigns could be pulled out 
into wire long enough to completely surround the earth. 
Very small quantities of any impurity (especially the 
metals bismuth and lead), however, sensibly lessen both 
the malleability and ductUitv of gold. 

The specific gravity of gold is 19*3; its melting point 
about 1045° C; and its atomic weight 197. 

Gk>ld is a remarkably soft metal, being nearly as soft as 
lead. Like most of the other metals it is a good con- 
ductor of heat and of electricity. 

Gk)ld readily combines with other metals to form 
alloys. When gold is added to glass in the process of 
glass-making, it confers upon the glass a fine ruby-red 
coloiu'. Gk)ld crystallizes in the cubic system. 

Gold and Chlorine. Gold is at once attacked, 
especially if in a state of fine division, by moist chlorine 
gas, with, as a result, the production of auric chloride. 
This is the trichloride of gold, and it has the chemical 
formula AuClg. Although moist chlorine so readily at- 
tacks gold, it is a curious fact that if the chlorine gas is 
absolutely dry, as well as the gold, no reaction ensues, 
no matter how long the two elements are kept in contact 
with one another. 

The gold chloride produced has a deep orange colour, 
and readily absorbs water from the air (the salt being 
said to "deliquesce"), crystals having the composition 
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AuClj . 2H2O being then produced. Auric chloride is 
readily soluble in water, in ether, and in alcohol. On 
the application of heat, this chloride splits up into a 
mixture of aurous chloride (or gold monochloride, AuCl) 
and chlorine, if the temperature does not exceed 200" C. ; 
whilst if the temperature rises above that amount it 
yields up the whole of its combined chlorine, being 
resolved into metallic gold and free chlorine. 

If a solution of this salt of gold is treated with a re- 
ducing agent such as ferrous sulphate, stannous chloride, 
grape-sugar, &c., it is at once reduced; gold in the me- 
tallic state being separated, thus: — 

2AUCI3 + 3SnClo = Au2 + SSnCl^ 

Gold Chloride and ^^^f produce Gold and ^^^^ 

The gold thus liberated is in such an exceedingly fine 
state of" division as to require months to settle; whilst 
the liquid in which the gold is set free has a dark red or 
purple colour by transmitted light, owing to the presence 
of minute particles of a compound of gold and tin known 
as "Purple of Cassius". 

Alloys of Gold. Pure gold is much too soft for the 
various industrial applications to which it is desired to 
put this metal; so that gold is always alloi/ed, usually 
with either copper or silver in variable proportions. This 
addition has the eflFect of considerably hardening the gold, 
so making it more durable. The proportion of pure gold 
in the alloy is expressed by the technical term "carats". 
Perfectly pure gold is said to be 24 carats "fine". A 
gold alloy containing 18 carats "fine" would therefore be 
a mixture of 18 parts of gold and 6 parts of the other 
metal or metals alloyed with it. Gfold is capable of 
alloying with nearly all the metals, some of which 
alloys are described below. 

Gold-silver Alloys. A large number of these alloys can 
be obtained by melting gold and silver together in various 
proportions. The colour of such alloys varies from 
orange to yellow, and then through greenish- white, until 
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when an alloy is obtained containing half silver and half 
gold the colour is almost a pure white. These alloys are 
mostly used for jewellery. 

Gt>ld- copper Alloys. These constitute the most im- 
portant gold alloys, being extensively used for articles of 
jewellery and for coinage. Standard gold, or the gold used 
for British coinage, is 22 carats " fine". It therefore con- 
tains 22 parts of gold to 2 parts of copper. In France 
and the United States 18-carat gold is used for the same 
purpose. Gold solder is also a gold-copper alloy con- 
taining 5 parts of gold to 1 of copper. 

These alloys exhibit extreme variations of tint, the 
colour changing from yellow to reddish when the copper 
reaches from 30 to 33 per cent in the alloy. An alloy 
containing 1 part of copper to 8 of gold possesses the 
maximum degree of hardness. 

Oold-mercury Alloys. These rank next in importance 
as gold alloys, since it is by their aid that gold is in many 
cases extracted from its ores. Such alloys are readily 
formed, even in the cold, when gold and mercury are 
placed in contact with one another; whilst, if the gold be 
in a fine state of division, and the two metals be heated 
together, a much richer gold amalgam (as this alloy is 
caUed) is formed. With 2 of gold and 1 of mercury, the 
amalgam is white in colour and pasty in consistency. 

Beside the above alloys, alloys of gold with lead, tin, 
zinc, antimony, &c., can be readily formed. These, how- 
ever, have no direct uses; since the introduction of these 
metals into the gold (with the exception of tin) renders 
the gold brittle', and at the same time considerably lessens 
its ductilitjr. 

Classification of Methods for the Extraction 
of Metallic Gold. 

(a) Dry Methods. (1) Washing Processes, — In these 
processes the gold is obtained from the sandy and alluvial 
deposits in which it occurs, by simply washing it in a 
pan of some sort through which a stream of water is kept 
constantly flowing. The gold then settles to the bottom 
in the form of dust owing to its superior specific gravity, 
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the lighter particles of sand and gravel being washed away. 
This rude method of extraction is now replaced by — 

(2) Amalgamation Processes, where the gold in the ore 
is made to alloy with mercury and so fonn an amalgam; 
which amalgam is then retorted, and the mercury thereby 
driven oflf. 

(b) Wet Methods. Chlorination Processes, — In these 
processes the gold in the ore is made to combine with 
chlorine. The gold chloride thus produced is then dis- 
solved out of the ore by means of water; and the gold in 
the resulting solution is finally precipitated by the addi- 
tion of fenous sulphate. 

Amalgamation of Quartz containing Gold. 
The methods by which gold is extracted from gold- 
quartz have been largely perfected during the last few 
years, the larger quantity of gold being now obtained 
from this source. Indeed, owing to the completeness 
with which this precious metal can now be obtained, its 
extraction can be made profitable if a ton of quartz con- 
tains but 3 or 4 dwts. of gold. 

The first operation which the quartz goes through is 
that of "breaking"; the quartz being introduced into 
some kind of rock-breaker and broken down to about the 
size of a walnut. The quartz in this condition is then 
either stamped or rolled, and so reduced to a very fine 
state of division. 

By the above means the minute particles of gold pre- 
sent in the quartz have been liberated; and the only thing 
now to do is by some sort of contrivance or other to catch 
them; letting the quartz powder, thus deprived of its 
gold, pass away. 

This is done by placing metallic mercury in the stamps 
or crushers. This mercury amalgamates with, and so picks 
up, any particles of gold with which it comes in contact 
The quartz powder is then carried out of the stamps by 
means of running water. But the gold has not been 
entirely picked up by the mercury in the stamps, some 
of it always escaping along with the powdered quartz. 
To extract the gold out of the "tailings " (as the stream 
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of water with the quartz powder in it is called) amal- 
gamated cop^r plates are used, over which the tailings 
are made to run. Here any remaining gold is most 
effectually picked up. At intervals these plates are care- 
fully scraped, and the gold amalgam on them is so ob- 
tained. This second amalgam, together with the first 
amalgam from the stamps, is cleaned by washing in 



Tig. 44.— Rock Breaker, a, a. Thick iron plates. 

water, and is then pressed in bags, made either of canvas 
or chamois leather. This pressure squeezes out the excess 
of mercury in the amalgam ; the remaining amalgam is 
then retorted, and the mercury distilled off, the gold 
remaining behind. 

Apparatus employed forWorking Gold-quartz; 
and Mode of Working. 

(1) Crashing of the Quartz. This is carried out in 
two stages. First, the quartz is broken to fragments of 
a suitable size (about one cubic inch). This is done by 
means of a "rock-breaker" (see fig. 44), which is usually 
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the machine called the "Blake Crusher ". The form of 
these breakers, of course, varies; but they may be said to 
consist essentially of two thick iron plates, A A, fixed some- 
what after the fashion of a V, between which the quartz 
is placed, and then crushed by bringing one plate nearly 
into contact with the other by means of steam-power. 

The next stage is to crush the quartz into the condi- 
tion of a fine powder. This must be done because the 
gold is scattered throughout the quartz in small par- 
ticles, sometimes so minute that they cannot be seen 
with the naked eye. To eflFect this crushing an apparatus 
known as a " stamp battery" is used (see fig. 45). This 
may be likened to a mortar, and a pestle which is lifted 
up for a short distance and then allowed to fall into the 
mortar. Essentially the battery consists of a cast-iron 
trouch, M (the mortar-box), of rectangular form, into 
which the quartz is placed. Five stamps or weights of 
some 700 or 800 lbs. apiece are raised vertically upwards 
about half a foot by steam-power, and are then allowed 
to drop, sometimes as many as 80 to 200 times in a 
minute. The result is that the quartz is pulverized, and 
is so obtained in a state of fine division or powder. 

(2) Extraction of the Odd from the Powdered Quarti 
The extraction of the precious metal from the quartz- 
dust is eflFected by the process of amalgamation. 

The front of the mortar-box consists of a sieve or 
screen, s, through which the slime or pulp formed by the 
stamping of the ore is carried by a stream of water in- 
troducea with the quartz into the mortar-box. In front 
of the screen is an inclined table or trough, T, T, — the 
"apron" — covered with amalgamated copper plates. As 
the water carrying the powdered quartz flows slowly 
down this trough, most of the free gold is seized and 
retained by the mercury upon the copper plates, forming 
an amalgam of mercury and gold. 

From 60 to 75 per cent of the gold contained in the 
quartz is caught in this way by the mercury; and at the 
end of a month the amalgam is scraped off the plates 
with a blunt chisel. 
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Nature of the Products obtained from Gold- 
quartz. The products of the stamp battery consist of 
(a) finely divided quartz rock, and (b) the minute par- 
ticles of gold which were scattered throughout it. The 
quartz rock, however, is not always solely composed of 



Fig. 45.— Battery of Five stamps, u, Mortar-box. s. Screen, t, t, « Apron " covered 
with amalgamated copper plates, c. Cams for raising the stamps. 

quartz; nor are the grains of gold the only metal ever 
present in it. Thus the quartz not unf requently contains 
baryta, talc, or slaty material; but it is the metallic ores 
which may be present in addition to the gold, which are 
of most consequence. These ores consist generally of iron 
and copper pyrites, blende, and galena. These minerals 
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are themselves frequently rich in gold; and as they are 
not caught in the amalgamators, special means are taken 
to extract them from the slime after leaving the amalga- 
mated copper plates. When so caught, they constitute 
what are termed the "concentrates". 

Method of Extracting the Gold from the 
Amalgam. The gold is extracted from the amalgam 
simply by distillation; or, as it is technically called, 
"retorting". The apparatus employed for this purpose 




Fig. 46.— A. Iron retort ooDtafniiig the amalgam, b, Fomaoe. c. Iron tube, d, Oon* 
aendng chamber and water tank m which to collect the mercury. 

is simply a cast-iron retort, A (see fig. 46), from which an 
iron tube, C, leads oflF to a chamber or receptacle, D, for 
condensing the mercury vapour. The amalgam is placed 
in the retort, the top fitted down, and the contents sub- 
jected to a temperature somewhat exceeding the boiling 
point of mercury (357® C). The mercury in the amalgam 
then passes oflf as vapour, and is condensed in the cham- 
ber; whilst the gold is left behind in the retort. If the 
operations have been properly carried out, it will be found 
that the loss of mercury per ton of ore treated is about 
J oz. This loss is due to various reasons, the chief of 
which is that known as " flouring ". 

" Parting." The gold obtained from the quartz, sand, 
&c., with which it was naturally associated, always con- 
tains a certain amount of silver, as well as a small proper- 

Digitized by L^OOQ IC 



GOLD AND ITS ALLOYS. 127 

tion of such baser metals as iron, copper, and (more rarely) 
lead, antimony, bismuth, and tin. The presence of these 
metals renders the gold brittle, and unfit for the purposes 
to which it is applied in the arts. The gold is therefore 
submitted to a process of refining, by which these metals 
are separated from the bullion. To this operation the 
term "parting" is applied. 

Parting is effected by one of the following methods : — 

(1) By means of sulphuric acid. 

(2^ By the action of nitric acid. 

(3) By the use of chlorine. 

^4^ Electro "parting". 

(1) Partiiig with Sulphuric Acid In "parting'^ with 
sulphuric acid, it is requisite first to bring the proportions 
of silver and copper to gold to a certain standard; the 
proportions of which are usually 1 of gold to 3 of silver; 
whilst the copper should not exceed tjV ^^ ^^® g^l^ W^' 
sent. This is done to prevent the gold from screening 
the silver or copper from the action of the acid, which 
it would do if the gold present exceeded these limits. 
Having obtained this standard alloy by adding any con- 
stituent that is in deficiency, the next thing to do is to 
granulate it, so that a larger surface of the metal shall 
be exposed to the action of the acid. This is done by 
simply melting the metal and pouring it into cold water. 
The granulated metal is then placed in a platinum or iron 
retort together with four times its weight of concentrated 
sulphuric acid, and is exposed to the action of a strong 
heat for some two or three hours. The result of this 
treatment is to convert the silver and the copper present 
into their respective sulphates; whilst the gold remains 
unacted upon in the form of a brown powder. Thus the 
silver sulphate is formed as represented below, whilst 
^e copper sulphate or " blue vitriol " is formed in pre- 
cisely the same manner: — 

Ag2 4- 2H0SO4 = AggSO^ + 2H,0 + SO2 

Sflver and S«lpJ-- produce ^-^^ and Water and f PjP^- 

The retort and its contents are then allowed to cool, 
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during which time the gold settles down to the bottom. 
The acid liquid is then carefully decanted or siphoned 
out of the retort, and the gold washed well with water; 
the washings being added to the acid solution of the two 
sulphates. The gold remaining in the vessel after this 
operation is then removed ajid melted down. The acid 
solution, containing the sulphates of silver and of copper, 
is then treated so as to extract the silver. It is diluted 
with water and placed in a vessel of lead containing a 
quantity of scrap copper. On heat being applied the 
copper takes the place of the silver in its compound, more 
copper sulphate being accordingly formed and the silver 
being precipitated. This silver is collected, washed free 
from acid, &c., and melted in a plumbago crucible with 
saltpetre and borax. There now remain in the solution 
only copper sulphate and sulphuric acid. The copper 
sulphate is obtained in a solid form from the solution by 
evaporation of the liquid and allowing it to crystallize 
out. The sulphuric acid left can be concentrated, and 
then may be used over again for a fresh lot of alloy. 

(2) Parting with Nitric Acid. In "parting" by the 
aid of this acid, as with sulphuric acid, an alloy contain- 
ing about one-quarter of its weight of gold is first pro- 
duced and then granulated. This alloy is next placed in 
a retort made of platinum or glass, and heated for some 
time with strong nitric acid. The gold (as in the previous 
case) is then left unacted upon, whilst the silver and the 
copper are converted into their respective nitrates and 
so pass into solution : — 

3Cu + 8HNO3 = 3Cu(N03)2 + 4H2O+ 2N9 

Copper and Nitric acid prodiice Copper nitrate and Water and ^ *: j J' 

The gold is then melted, cast into ingots, and in this 
form goes into commerce; whilst the solution is further 
treated for the silver it contains. The silver in the 
solution is thrown down in the form of silver chloride 
by the addition of sodium chloride or common salt, 
thus : — 
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AgNOs 4- NaCl = 



, Common 



AgCl 



NaNO, 



SOver nitrate and .. pivduoe Silver chloride and Sodium nitrate. 

This silver chloride is carefully collected and washed 
quite free of acid, &c., by means of water. The silver 
present in it is then obtained in the form of a spongy 
mass hj means of the addition of copper or zinc and 
acidulated water. The spongy silver is now washed free 
of impurity, and melted so as to obtain it in the compact, 
well-known metallic form. 

(3) Miller's Process for Refining Gold contain- 
ing Silver by Chlorine. This is a process of gold- 
parting by the aid of ^ ^ 
chlorine gas, and was ^..^»»-»czz: g 
first introduced by 
Mr. Miller, the assay er 
to the Sydney mint. 
It is based on the well- 
known fact that all 
metals combine more 
or less vigorously with 
chlorine, forming the 
chlorides of those 
metals. The chlorine, 
however, does not act 
on all the metals in an 
alloy simultaneously; 
the base metals, cop- 
per, iron, zinc, tin, &c., being selected first; then the silver; 
and last of all the gold. If, therefore, gaseous chlorine 
be passed through molten bullion the gold is the last thing 
to be acted upon, all the metals associated with it being 
converted into chlorides, which are easily got rid of. 

Method of working, and Apparatus used. The crucible 
in which the bullion is placed has to undergo a prelimi- 
naiT operation before it is fit for use. This consists in 
soaking the crucible, D (which is generally made of earth- 
enware), in a strong borax solution for a few minutes. It 

(984) I 
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is then taken out and allowed to dry. The object of 
this soaking is to form a glaze on the inside of the crucible 
when the crucible is heated. This crucible is then placed 
inside an ordinary plumbago crucible, c, to which a cover 
is adapted. This is a precaution taken for fear the earthen- 
ware crucible should crack or break on heating. The lid 
or cover of the plumbago crucible has two holes, through 
one of which a clay pipe, A (an ordinary tobacco pipe stem 
is generally employed), passes, whilst the other hole is 
stopped up with a smaU plug, B (see fig. 47). The bullion 
is placed in the inner crucible and melted. The surface 
of the molten metal, E, is sprinkled over with a little borax, 
and the cover with its pipe is closely fitted on. The 
condition of things is then as represented in the diagram. 

Chlorine is now led by means of the clay pipe into 
the crucible, and allowed to bubble through the molten 
metal. The small quantities of such metals as iron, 
copper, tin, zinc, antimony, &c., usually present as im- 
purities in the molten mass are at once converted into 
iron chloride, copper chloride, &c., as the case may be. 
These chlorides at the temperature of the furnace are 
volatile, and their fumes are allowed to pass out of the 
crucible, or are condensed and deposited on the lid or 
on the inside of the outer crucible. The silver is next 
attacked by the chlorine, and silver chloride is formed. 
This silver chloride rises to the top of the liquid metal 
and forms a fluid scimi floating on the surface. It is to 
prevent the absorption of this scum by the sides of the 
crucible that the inner surface of the crucible is glazed. 
While this has been going on the workman has been 
carefully watching the gases which escape from the vent- 
hole, and immediately the vapours begin to assume a 
reddish or brownish appearance (due to the fumes of gold 
chloride) he knows that all the metals, with the exception 
of the gold, have been completely acted on, and he at once 
stops the supply of chlorine. 

The earthenware crucible is then taken out and allowed 
to cool. The gold then solidifies before the scum of 
horn silver or silver chloride on its surface, which latter 
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is accordingly run out into moulds. The purified solid 
gold is lastly extracted from its crucible and washed 
with a strong solution of salt to remove any silver 
chloride that may still be adhering to it. 

The pure gold thus obtained is in a fit condition to be 
alloyed with copper for purposes of coinage or for use in 
the arts. 

The silver is then extracted from the silver chloride 
by replacing it in that compound by copper, zinc, or iron 
in the well-known way. 

The advantages of this chlorination process are many, 
not the least of which is that the loss of gold is exceed- 
ingly small, only about 2 parts to every 10,000 of bullion 
refined. 

(4) Electro " parting". This is a process for sepa- 
rating gold from its alloy with silver and copper by the 
ordinary method of electrolysis. The metal to be treated 
is first cast into slabs, which are then suspended in a row 
in a vat about three feet deep, lined with lead. The slabs 
are fixed about two or three inches apart, and between 
them are placed thin plates made of pure copper. There 
is thus a series of metal slabs alternating with a series of 
thin copper plates. The vat is then nearly filled with a 
dilute sulphuric acid solution of copper sulphate, and 
the series of auriferous slabs is made the "anode" or 
dissolving pole of a galvanic battery by connecting them 
up with wires to its zinc or negative pole; the copper 
plates are similarly made to constitute the "cathode" or 
receiving pole of the same battery. A strong current of 
electricity is then passed between the two poles. Copper, 
being a strongly electrolytic metal, at once begins to be 
dissolved out of the anode, and is deposited on the copper 
plates or cathode. After the copper has been extracted 
from the slabs the gold and silver are left behind in the 
metallic state. In order to separate these two metals the 
gold-silver alloy is placed in a cast-iron, or better, in a 
platinum vessel, and heated with concentrated sulphuric 
acid. This dissolves all the silver out of the alloy ; the 
gold (being unacted upon) is left behind in a finely divided 
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condition. The solution is then allowed to cool, and the 
gold to settle. The acid, containing the silver now dis- 
iBolved in the form of silver sulphate, is then decanted or 
siphoned oflf from the gold. After well washing with hot 
water the gold is melted and cast, whilst the solution of 
silver sulphate is treated with common salt. This throws 
down all the silver as a white curdy precipitate consisting 
of silver chloride, from which metallic silver is obtained 
by replacing it with copper or zinc in the ordinary way. 

Electro-plating. In "electro-plating" an article 
with gold, or "electro-gilding" it, we deposit upon it a 
uniform and more or less thin film of metallic gold. 
There are many ways of doing this; but the only point in 
which they differ is in the constitution of the solution or 
bath in which the articles are placed. 

The first thing that is done is to well dean the articles 
to be plated. This may be done by washing them with 
ordinary washing soda, which very effectually removes 
any grease which may be upon them; and afterwards 
rinsing them well with water. The articles are then sus- 
pended by means of platinum wire in a vessel made of 
stoneware, porcelain, or enamelled iron, into which is 
poured the gilding bath. This bath usually consists of a 
solution of gold cyanide and potassium cyanide, in the 
proportions of 1 oz. of gold cyanide to 4 ozs. of potassium 
cyanide, the whole being dissolved in a gallon of water; 
though electro-gilders often use widely different baths. 
Into the bath is then placed the electrode connected 
with the zinc or negative end of a moderately strong 
galvanic battery, the articles to be gilded being fitted up 
to the other end or positive pole of the same battery. The 
negative electrode, which by this means is made the 
" anode " or dissolving pole, is a large gold plate. The 
whole bath is then kept at a temperature of about 60° C, 
and the electric current passed through it. In this way 
gold will be dissolved from the negative electrode and 
deposited upon the articles to be plated. If, however, 
these objects are made of zinc, lead, tin, or other similar 
metals, they will not properly "take" or adhere to Uie 
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gold. They must in such cases be first covered with b 
thin fihn of copper. 



CHAPTER XIV. 



SILVER AND ITS PROPERTIES: SILVER NITRATE— SILVER 
CHLORIDE-ALLOYS OF SILVER. 

Silver as a Metal. Symbol, Ag {Argentwm). Atomic 
weight, 108. Native silver occurs in masses and in veins 
traversing igneous rocks. Mexico and Peru are the 
countries most productive of this metal. 

Pure silver may be prepared by dissolving ordinary 
standard silver in dilute boiling nitric acid ; the solution 
is then evaporated to dryness, and the mass of metallic 
nitrates thus obtained is fused to decompose any platinum 
nitrate which may be present. The fused mass is now 
dissolved in excess of dilute ammonia, and allowed to 
stand for 58 hours. The solution is then filtered, and 
distilled water is added to it. A mixture of ammonium 
sulphite and cuprous sulphite is then added to the solu- 
tion, and the whole is thoroughly stin'ed. On allowing 
this fluid mixture to stand in a closed bottle for 48 hoiu^ 
one-third of the silver present is precipitated in the form 
of minute bright white crystals of silver. If the liquid is 
now heated to 65° C. nearly the whole of the remaining 
silver also comes down. 

After decanting off the supernatant liquid the crystals 
of silver are washed with strong ammonia, and after- 
wards with distilled water. The silver is then melted in 
a crucible with a little borax and nitre, and poured into 
a stone mould. 

Physical Properties of Silver. Silver possesses a 
high metallic lustre and has a characteristic white colour, 
but when rays of lijght pass through thin silver leaf they 
emerge blue or bluish-green in colour. With the single 
exception of gold, silver is the most malleable and 
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ductile of all metals. When hammered or drawn into 
wire, silver becomes somewhat brittle, and has to be 
annealed. When pure it is too soft to use for commer- 
cial purposes; it, however, readily alloys with other 
metals which increase its hardness. Silver has a specific 
gravity of a little over 10*5, though this may be slightly 
increased by hammering. Silver crystallizes in the cubic 
system, and is isomorphous with gold, mixing or alloy- 
ing with the latter metal in all proportions. 

Action of Heat upon Silver. Silver melts at a 
temperature of 945° C. When the oxy-hydrogen flame 
is used the silver boils and may be distilled. The silver 
vapour is of a pale, bluish-purple colour. By condensing 
this vapour absolutely pure silver can be obtained. 

Action of Heat and Air upon Silver. Silver is 
not appreciably acted upon by pure air even when 
heated; the tarnishing of silver ornaments when exposed 
to the atmosphere is due to the presence of traces of 
sulphuretted hydrogen, which are always present, espe- 
cially in the atmosphere of towns. 

If the molten metal be exposed to air, oxygen is 
slowly absorbed or occluded by the silver, to the extent 
of over twenty times its own volume; but this gas is 
emitted or given off by the metal on cooling. Solidifi- 
cation commences at the surface of the molten silver, 
and a crust is formed; at the moment when the interior 
solidifies, the oxygen gas contained in it is liberated, 
and forces its way through the crust, projecting it into 
little tree-like elevations. This phenomenon is known 
as " spitting ". This giving off of the occluded oxygen is 
a sign of the purity of the silver, for if any base metals 
are present they combine with the oxygen (forming 
oxides), and so prevent its " spitting ". 

Action of Acids upon Silver. Hydrochloric acid 
has no action upon silver in mass; when powdered or 
finely divided, the silver decomposes the acid with the 
formation of silver chloride. 

Silver is acted upon by nitric add even in the cold, 
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with the formation of silver nitrate (AgNOg) and the 
evolution of nitric oxide (NgOg); the action is accelerated 
by heat: — 

6Ag + 8HNO3 = CAgNOs + 4H2O + N2O2 

Silver and Nitric acid produce Silver nitrate and Water and ^ *^q 

Weak sulphw'ic add is without action on silver, but the 
strong acid dissolves it, silver sulphate (AggSO^) being 
produced, and sulphur-dioxide (SOg) liberated — 

2 Ag + 2H2SO4 = AggSO^ + 2H2O 4- SO2 

Silver anc^SulpWc^^^^ su'phlL -^ Water a.<£ fS^ 

Silver and Oxygen. Silver combines but slowly 
with oxygen, the spontaneous oxidation of silver in air 
at the ordinary temperature being almost inappreciable; 
the combination of the two elements may, however, be 
indirectly effected. Three oxides of silver are known — 
(1) Argentous oxide (Ag^O), in which the molecule is 
composed of 4 atoms of silver and 1 of oxygen; (2) 
Argentic monoxide (Ag20), 2 atoms of silver being com- 
bined with one of oxygen; and (3) Argentic dioxide 
(Ag202), 2 atoms of silver combining with 2 atoms of 
oxygen to form the molecule. 

iLrgentous Oxide (Ag^O) is a black powder which may 
be prepared by passing a current of hydrogen through a 
tube containing heated oxalate or citrate of silver. 

Argentic Monoxide ( AggO) is produced when carbonate 
of silver is heated; it is also precipitated when potas- 
sium hydrate solution is added to a solution of silver 
nitrate. It is a brownish-black powder which readily 
parts with its oxygen on heating. 

Argentic Dioxide (AgoOg) may be prepared by decom- 
posing a concentrated solution of silver nitrate by means 
of a current of electricity (the decomposition thus effected 
being known as electrolysis) ; black crystals of argentic 
dioxide then gradually form on the positive pole. The 
usual way of preparing this oxide, however, is by the 
action of heat upon solid silver nitrate. 
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Physical and Chemical Properties of Sulphide 
of Silver. Silver Sulphide (AggS) occurs native as 
ArgentUe or Silver Glance, a mineral which crystallizeB 
in the cubic system; it contains 87 per cent of silver 
combined with 13 per cent of sulphur. This compound 
has a metallic lustre, lead-gray colour, and is very malle- 
able. Silver sulphide readily melts; and when heated 
with carbon in the presence of air it decomposes, sulphur 
dioxide being liberated and metallic silver left behind. 

Chlorine, or strong hydrochloric acid, attacks silver 
sulphide with the production of silver chloride. Nitric 
acid readily decomposes sulphide of silver, with the 
separation of sulphur. On passing a current of hydrogen 
gas over silver sulphide at a temperature of 440° C, 
tendril-like strings of metallic silver are obtained. 

Modes of Formation of Silver Sulphide. If 

finely divided silver and sulphur be mixed together and 
heated, direct combination between the two elements 
takes place at a led heat. 

Sulphuretted hydrogen attacks silver with the for- 
mation of the siUphide ; the same compound is also 
produced when sulphuretted hydrogen gste is passed into 
solutions of silver salts : — 

Ag2 + H^S = Ag^S -h Ha 

Silver and ^"^^^^^^ prod^ ^f^^^, and Hyd«>gen. 

2AgN03 -h H2S = A-ggS 4- 2HNO3 

Silyer nitmie ar^ ^^^^ prod^ ^^^^ and Nitric acid. 

Action of Heat upon Sulphide of Silver. The 

affinity of the silver and the sulphur for one another in 
this compound (Ag2S) is so strong that heat alone is not 
able to decompose it; but in trying the experiment care 
must be taken to exclude air or oxygen. 

Action of Heat and Air upon Sulphide of 
Silver. When strongly heated sulphide of silver has a 
current of air passed over it, it is decomposed into silver 
and sulphur dioxide : — 
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Ag,S + O2 = Ags + SO2 

Combination of Silver Sulphide with other 
Sulphides. Silver sulphide is found in nature in com- 
bination "with other sulphides. These double sulphides 
frequently constitute well-defined and valuable minerals. 
Stephanite is an iron-black metallic-looking mineral, con- 
sisting of a double sulphide of antimony and silver.. It 
contains 68*36 per cent of silver. Pyrargyiite is a dark- 
red mineral composed of the sulphides of antimony and 
silver, and when pure contains 59*78 per cent of silver. 
Proustite is a combination of the sulphides of silver and 
arsenic. This double sulphide contains 65*45 per cent 
of silver, and possesses a very brilliant lustre and a light- 
red colour. 

Sulphide of silver combines also with the sulphides of 
copper, iron, arsenic, and lead. 

Sulphate of Silver: its Physical and Chemical 
Properties. Silver sulphate (Ag2S04) is a colourless, 
crystalline, anhydrous salt, sparingly soluble in water, 
easily soluble in ammonia. This salt when in solution is 
decomposed by copper, silver being deposited and copper 
sulphate being formed. 

Mode of producing Sulphate of Silver. Silver 
sulphate is produced when silver is boiled in concentrated 
sulphuric acid; it is also formed on the addition of sul- 
phuric acid to a strong solution of silver nitrate. And 
when silver sulphide is roasted in contact with air at a 
low red heat, it is easily converted into silver sulphate. 

Action of Heat upon Sulphate of Silver. Silver 
sulphate is decomposed when strongly heated, sulphur 
dioxide and oxygen being liberated, and metallic silver 
being left behind. If mixed with carbon, the silver sul- 
phate is decomposed at a red heat. 

Action of Chloride of Sodium upon Sulphate 
of Silver. When an intimate mixture of chloride of 
sodium and silver sulphate is heated, the two salts react 
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upon one another, silver chloride and sodium sulphate 
being formed : — 

AggSO^ + 2NaCl = 2AgCl 4- Na^SO^ 

Silver ^„ , Sodium ,.^..^,.^^ Silver , Sodium 

sulphate *«^ chloride ^^^"^ chloride "'^ sulphate. 

Silver Nitrate: its Physical and Chemical Pro- 
perties. Silver nitrate (commonly called lunar caustic) 
IS a colourless anhydrous salt, crystallizing in flat tables. 
It attacks and rapidly destroys organic substances, and 
stains the skin black. 

It is generally prepared by the action of nitric acid 
upon silver: 

2Ag2 + 6HN03 = 4AgN0o+ N^ + 3H,0 

Silver a.^d ""'^^ prcd^ ^Z. -^ ^^^^ -"^ Water. 

Action of Heat upon Silver Nitrate. When 
heated to a temperature of about 224° C, silver nitrate 
melts without decomposition. 

Method of Separation of Nitrate of Silver 
from Nitrate of Copper. The silver of commerce 
usually contains a little copper. These two metals dis- 
solve in nitric acid, forming nitrates, the copper nitrate 
colouring the solution green. 

To separate this impurity from the silver nitrate, hydro- 
chloric acid is added to the solution, which precipitates 
the silver as chloride; the copper chloride being soluble, 
remains in solution. The silver chloride is then filtered 
off and well washed, first with a weak solution of hydro- 
chloric acid, and then with water; it is now boiled with 
a solution of potassium hydrate, by which it is converted 
into argentous oxide; lastly, on heating this oxide with 
nitric acid, pure silver nitrate is formed. 

Silver and Chlorine. Silver combines with chlorine 
at ordinary temperatures, forming silver chloride (AgCl). 

Two chlorides of silver are known, only one of which, 
argentic chloride, is of importance. The nature of the 
other chloride is not well known; its formula is said to 
be AgaCl. 
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Chloride of Silver: Physical and Chemical 
Properties. Silver chloride (AgCl) occurs in nature 
as the mineral called horn silver y it is almost insoluble 
in water, but readily soluble in solutions of ammonia, of 
common salt, and of potassium cyanide. At about 260° 
C. it melts to a yellow liquid, which forms a resinous 
mass on cooling. Sp. gr. = 5J; malleable, sectile, with 
waxy lustre. 

Silver chloride is an extremely stable compound, and 
is formed when other silver compounds (or even metallic 
silver) are mixed with common salt and heated in contact 
with air. Silver chloride is decomposed by metallic 
mercury, even at ordinary temperatures; the reaction 
which ensues is illustrated by the following equation : — 

2AgCl + 2Hg = Ag2 + Hg,Cl2 
oEe '^^ Mercury produu SUrer arul M^„»„~- 

Under ordinary conditions silver chloride rapidly 
changes colour (from white to black) when exposed to 
white light. For this reason it is very largely used in 
photographic printing processes. 

Methods of Formation of Silver Chloride by 
Dry and by Wet Processes, {a) Dry Method. 
Silver chloriae is formed when a mixture of silver 
sulphate and sodium chloride is heated : — 

AgioSO^ 4- 2NaCl = 2AgCl + NagSO^ 

^i^ri and ^^^"^f product ?P?I and S?^i"f 
sulphate chlonde t*'^»^ chlonde sulphate. 

(ft) Wet Method. Silver chloride is precipitated in 
white curdy masses when hydrochloric acid is added to 
a solution of silver nitrate. Articles of silver which 
have been buried in the earth for a long time become 
covered with silver chloride, which forms slowly, and 
often cements shells, stones, &c., to the articles. 

Method of Reduction of Silver Chloride by 
Carbonate of Soda. When carbonate of soda is 
mixed with silver chloride and the mixture fused, reduc- 
tion takes place, metallic silver being produced. The 
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other products are sodium chloride, carbon dioxide, and 
oxygen. 

2AgCl + Na^COs = Ag^ + 2NaCl + CO2 +0 

S?!S^ aiui ^2^"™. produce SUver and ^?".™ and ^T^fP and ^^' 
chloride ** "* carbonate P^'^^*^ ouv w »7»u chloride **'*** dioxide ""** gen. 

Method of Reduction of Silver Chloride by 
Zinc. Zinc (or iron) in the presence of water reduces 
silver chloride to silver; the action is accelerated by 
acidification, and by the injection of steam. 

Action of Acids upon Chloride of Silver. 
Silver chloride is practically insoluble in either nitric, 
sulphuric, or dilute hydrochloric acids; it is, however, 
more soluble in strong hydrochloric acid. 

Action of Chloride of Sodium upon Chloride 
of Silver. Silver chloride is insoluble in water, but is 
readily soluble in a solution of common salt or sodium 
chloride, owing to the formation of a soluble salt — a 
double chloride of silver and sodium. This fact is 
taken advantage of in the extraction of silver from its 
ores, the process in which it is used being known as 
Augustin's Process. Here the silver in the ore is con- 
verted into silver chloride, which is then obtained in the 
form of a solution by the action of a solution of sodium 
chloride. From this the silver is obtained by placing in 
the liquid strips, or a plate, of metallic copper, wpon 
which the silver is then deposited. 

Action of Sulphur upon Chloride of Silver. 
When sulphur and silver cnloride are heated together, 
a soft blackish substance having a somewhat metallic 
lustre is produced. The exact nature of this substance 
is not yet definitely understood. It is, however, thought 
to be a chemical compound composed of silver, chlorine, 
and sulphur; and accordingly the name silver sidpho- 
chloride is applied to it. It is clear that in order to 
have produced this compound the sulphur must have 
first decomposed the silver chloride thus : — 

3AgCl + S = AgsSCl + CI, 

Sihrer chloride and Sulphur produce guiph^Woride ^^ Chlorine 
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The chlorine so liberated is not given off as such, but 
at once attacks the excess of molten sulphur present, 
forming a chloride of sulphur (S2CI2). The use to which 
silver sulpho-chloride is applied in the arts is for the 
pmpose of staining glass yellow for ecclesiastical art 
work in windows, &c. 

Action of Metallic Sulphides upon Chloride of 
Silver. Certain metallic sulphides, such as lead sul- 
phide, when heated with silver chloride melt with it to 
form fusible substances. 

Action of Protoxide of Lead upon Chloride of 
Silver. When silver chloride and litharge ^PbO) are 
fused together, the silver chloride dissolves in tne molten 
litharge, forming a mixture or an alloy of litharge and 
silver chloride; this mixing takes place in all propor- 
tions. 

Alloys of Silver, (a) Silver-copper Alloys. The 
alloys of silver with copper are almost the only im- 
portant alloys of silver from a commercial point of view. 
K the percentage of copper in the alloy is less than 50. 
the resulting anoy is wlute; whilst if the percentage of 
copper to silver rises above this amount, the alloy assumes 
a reddish tint. By alloying silver with copper, the 
hardness and elasticity of the silver are increased; but 
at the same time the ductility of the metal is diminished. 
The most important alloy composed of silver and copper 
is that used for the British coinage. This contains 92^ 
parts of silver and 7| parts of copper in every 100 parts 
of alloy. 

Besides this alloy, there are the alloys called "silver 
solders". These contain silver and copper, together 
with a little brass; sometimes they include a little bronze 
and arsenic as well. 

(b) Silver -lead Alloys. These have no very great 
commercial uses. By the addition of lead the malle- 
ability of the silver is lessened. Besides this, these 
alloys exhibit a tendency to liquate ; so that if the alloy 
is hised and then allowed to cool, instead of a homo^ 

Digitized by L^OOQ IC 



142 ELEMENTARY METALLURGY. 

geneous alloy being obtained a number of silver-leaxi 
alloys are formed, owing to the separation of the alloy 
into layers differing in density, fusibility, &c. 

(c) Silver-zinc Alloys. At a temperature much above 
the melting point of zinc, silver reiadily combines with 
that metal ; forming a number of alloys, all of which are 
of a much whiter colour than the zinc alone. ' 

(d) SUver-mercury Alloy. Silver is readily dissolved 
by mercury, forming an alloy known as " silver amalgam". 
On getting rid of the excess of mercury in the amalgam 
by squeezing it in a canvas bag, a soft white alloy is 
oDtained. The fact that silver so readily alloys with 
mercury is taken advantage of in the extraction of silver 
from its ores. (See amalgamation process, p. ). 

(e) Silver-gold Alloys. Besides the above alloys, cer- 
tain alloys of silver and gold can be obtained which are 
of theoretical interest only. 

Silver-palladium Alloys. An alloy of 33 parts of 
silver with 67 parts of palladium is very homogeneous. 
Such an alloy absorbs the same volume of hydrogen gas 
that pure palladium does. Palladium alloys with silver 
in all proportions. 



CHAPTER XV. 



THE ORES OF SILVER: WITH SOME METHODS FOR THE 
EXTRACTION OF THE PRECIOUS METAL THEREFROM. 

Ores of Silver. The ores of silver rarely occur in a 
pure or unmixed condition; they are usually found 
finely disseminated amongst or mingled with otner ores. 
Silver ores may be conveniently divided into two 
classes: — 

1) Accessory ores. 

(2) Special ores. 

Accessory Ores of Silver contain other metals, or at 
least one other metal, in addition to silver; and these 
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ores are usually purchased with a view to the extraction 
of these other metals; the extraction of the silver being 
of secondary consideration. 
These accessory ores are divided into : — 

(a) Plumbif erous ores or galenas, containing more than 
20 per cent of silver. 

(b) Copper minerals, containing more than 1 per cent 
of copper, but not very argentiferous; the proportion of 
silver being about 5 parts in 10,000 parts of the ore. 

(c) Zinciferous ores, as blende; containing 25 to 30 
per cent of zinc, and from 10 to 20 parts of silver in 
10,000 parts of the ore. 

(d) Ores in which sulphur is the main constituent, as 
argentiferous pyrites. 

Special Ores of Silver. These are ores which are 
treated for their silver alone. The following are the 
chief special ores of silver: — 

(a) Native Silver: this occurs in platy and fibrous 
masses in the old rocks of the earth's crust. 

(b) Hoi'n Silver, or silver chloride, Ag CI, contains 75*3 
per cent of silver, and 24*7 per cent of chlorine. It 
occurs chiefly in Mexico, Chili, and Peru. In horn silver 
the chlorine is often partly replaced by bromine and 
iodine; when we have bromide and iodide of silver as 
well as the chloride. 

(c) Silver Glance, or silver sulphide, AggS. This im- 
portant ore of silver contains 87*1 per cent of silver, and 
12*9 per cent of sulphur, when pure. It commonly 
occurs mixed with galena, pyrites, and sulphides of 
antimony. It occurs in Norway, and at Freiberg in 
Grermany; and is also abundant in Mexico, Peru, and 
California. 

(d) Proustite, or light-red ruby silver ore, 3 AggS. AsgSg, 
contains 65*45 per cent of silver. It is the most highly 
lustrous of known minerals, the finest specimens having 
been obtained from Chaiiarcillo in Chili. 

{e) Pyrargyrite, or dark-red ruby silver ore, 3 Ag2S.Sb2S3, 
contains 59*78 per cent of silver, together with anti- 
mony and sulphur. It is usually associated with other 
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silver ores, and has been found in Cornwall; the chief 
localities, however, are Colorado, Chili, and Freiberg. 

(/) Tellwride of Silver, AggTe, contains 62*8 per cent 
of silver. This ore was discovered in Colorado in 1873. 

{g) FaMerz; this is a very complex ore of silver found 
at Freiberg, and also in Norway, Colorado, &c. 

General Classification of Methods for the Ex- 
traction of Silver from its Ores. 

/ Mexican Patio Process. 

I. Amalgamation Processes. ) ^an»^KJamation 

V Process. 

II "Lead" Processes f Pattinson Process. 

11. l.ea<l processes. } Parkes's Process. 

III. Processes where the ore is smelted with lead or 
copper ores. 
The above are all known as " dry'* processes, 

iZiervogel's Method. 
Augustin's Process. 
RusseU's Lixiviation 
^ Process; &c. 

Extraction of Silver from Argentiferous Cop- 

!)er. The method chiefly employed for extracting silver 
rom argentiferous copper is the "electrolytic process". 
Briefly, this process is as follows: — ^The argentiferous 
copper is first cast into the form of slabs, copper hooks 
being inserted into the slabs whilst the metal is still 
molten in order to suspend them by. These slabs are 
then hung in rows in a vat some 4 feet wide and 3^ feet 
deep, constructed of wood lined with sheet-lead. 

Opposite each copper slab is suspended a pure copper 
plate. The vat is then nearly filled with a dilute sulphuric 
acid solution of copper sulphate. 

The copper slabs and the plates are then placed in 
connection with a battery or some other source of elec- 
tricity, and are so connected up that the current first 
enters the series of argentiferous copper slabs, then passes 
through the copper siUphate solution to the plates, finally 
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passing out of the vat along the wires in connection with 
the pure copper plates. That is to say, the copper slabs 
are made the "anodes", and the copper plates the 
" cathodes " of an electric battery. 

The following diagram (fig. 48) represents the arrange- 
ment in the simplest possible form: — On passing the 
electric current the copper with the silver it contains 
will be dissolved off the slab or anode, A (see fig. 48). 
Of these two metals the copper only passes through the 
solution, and is finally 
deposited in a very 
pure state on the plate 
or cathode, B. The 
silver is practically 
insoluble in the dilute 
sulphuric acid of the 
bath, and it falls to 
the bottom of the vat 
in the form of a fine 
mud, D. This mud is 
collected at the end of the process and cast into ingots. 

Liquation Process for Extraction of Silver. 
This is a process for separating silver from argentiferous 
copper by the aid of molten lead. The lead dissolves 
the silver out of the copper, forming a lead-silver alloy. 
This alloy is then separated from the copper by liquation, 
and the silver is finally obtained from the alloy by cupel- 
lation. 

This liquation process was at one time in very exten- 
sive use in Europe. At the present time, owing to the 
perfection to which the wet methods for extracting silver 
nave been brought, the liquation process has fallen into 
disuse; and it is doubtful if it is now anywhere put into 
operation, except perhaps in the Hartz, and in Japan, 
^ot only is this so, but it is impossible to completely 
liquate out of the copper all the lead that is introduced 
into it in this process, some 30 per cent of lead and a 
proportional amount of silver always remaining. The 
copper has therefore to be subjected to a further refining 

(984) K 

Digitized by L^OOQ IC 



146 ELEMENTARY METALLUROr. 

process before it is obtained in a commercially pure state. 
This fact, taken into account with the consideration that 
the lead alloy has to be cupelled and that the process re- 
quires most careful watching and regulation of tempera- 
ture, makes the cost of this Kquation process necessarily 
great. It has therefore been abandoned for cheaper, but 
nevertheless more perfect methods. 

Description of Furnace for Liquation Process. 
The liquation furnace in itself is exceedingly simple in 

construction, consist- 
ing merely of two 
parallel semi-arches, 
a a, or walls of brick 
or stone work which 
incline towards a 
median line. The 
passage below these 
two walls coDMnuni- 
cates at the back 
with a chimney, / 
(see fig. 49). 

Pig. 49.— Liquation Hearth employed in the Hartz. A snare of 2 OF 

o, a. Parallel semi-arches. 6, 6, Inclined tops of semi- ^ -f" °F**^^ ^^ - ^^ 
arches, e. Central gutter, d, Circular pit. /, Chimney. 3 UlchCS IS left be- 
tween the upper part 
of the two walls, or two halves of the Kquation hearth 
(as this part of the furnace is called), for the liquated 
metal to pass through. The floor is made sloping towards 
the median line, and also from the back of the furnace 
to the front. This floor receives the drops of metal as 
they liquate out; and owing to its construction, these 
drops all tend to run towards the central line of the 
floor, which is scooped out so as to form a gutter, c. This 
gutter runs into a circular pit, d, in which the liquated 
metal of course collects. On the hearth of the furnace 
the crude metal (which is cast in the form of circular 
slabs) is placed, the slabs standing in an upright and 
transverse position some six inches apart The empty 
spaces between these slabs are then fiUed with charcoal, 
the whole being packed in between two upright iron 
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pktes which run the whole length of the hearth. The 
furnace is then lighted, charcoal being the fuel used. 
This lighting is effected by placing live charcoal on the 
top of the slabs, and also into the passage between the 
two walls. *When this fuel bums away the supply is 
renewed as may be necessary, till the liquation is com- 
pleted. 

Mode of Operation in Liquation Process. In 
working the hquation process at least three distinct 
operations have to be carried out. These are : — 

(1) Preparation of an alloy of copper, silver, and lead. 

(2) Liquation of this alloy. 

(3) Treatment of the residual copper and the liquated 

lead. 
Besides these, a separation operation has to be per- 
formed if the accessory products, &c., are to be treated. 

(1) The argentiferous copper, which is generally un- 
refined or black copper, is first melted in a kind of small 
blast-furnace, and an amount of lead equal to about 11 
times the weight of silver in the alloy is added. This 
ensures an excess of lead in the alloy. The molten metal 
is then cast in the form of a round cake or slab about 
2 feet in diameter and 3 inches thick. This usually 
absorbs all the metal obtained by one smelting, and the 
weight of such a slab may be some 300 to 400 lbs. 

(2) These metal cakes are then placed on the liquation 
hearth in the manner before described. The floor of the 
furnace is then warmed by placing live charcoal into the 
passage so that the liquated metal shall not solidify be- 
fore it reaches the basin. The furnace is then lighted, 
and the temperature kept below the melting point of 
copper, but above that of lead. The greater part of lead 
(aUoyed with nearly all the silver in the argentiferous 
copper) then liquates or flows out, and a lead-silver alloy 
is so obtained. The temperature is adjusted so that the 
cakes sink as they melt at an equal rate, by doing which 
the maximum amount of liquation takes place. 

The liquated lead is then submitted to the process of 
cupellation, and the silver present in it is so obtained. 
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(3) The copper, which still retains some 30 per cent of 
lead, with of course a proportionate amount of alloyed 
silver, is then submitted to a second liquation at a higher 
temperature on the sloping hearth of a reverberatory fur- 
nace. Owing to the furnace conditions and to the high 
temperature employed, the lead (as fast as it flows out) 
is converted into litharge ; whilst in association with this 
is a quantity of copper oxide. This copper residue is 
usually melted up with a fresh lot of argentiferous copper. 

Finally, the copper left from this second liquation 
undergoes refining, when it is obtained in a commercially 
pure state. 

Nature of the Products in the Liquation Pro- 
cess. The lead liquated out of the copper cakes is 
lead-like in appearance, but owing to the included copper 
and silver it is rather hard. The copper which remains 
on the liquation hearth is very brittle and somewhat 
slaggy in appearance; whilst pieces of charcoal are not 
infrequently found in it. The metal itself contains not 
only copper, but a considerable amount of lead, and a 
proportional quantity of silver. It has therefore to be 
further treated to what amounts to a second liquation at 
a higher temperature. The remaining lead is then 
separated from the copper, and owing to its high tem- 
perature and the presence of air at once assumes the 
form of litharge; whilst at the same time a portion of 
the copper is oxidized and comes out with the lead. 

Extraction of Silver from the Ore. A large 
number of processes are employed in the extraction of 
silver from its ores. Different means have to be used 
where the ores treated are diflferent; thus, the ores may 
differ in composition and in richness, and a method of 
extraction suitable for poor ores would be wasteful if 
used for rich ones. 

In some silver-producing countries fuel is dear and 
labour is cheap, consequently methods are adopted for the 
extraction of silver differing widely from those used in 
other coutries where the conditions are perhaps just the 
contrary. 
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All the processes used for extracting silver fall into 
three classes : — 

(1^ The method of fusion with lead. 

(2) Amalgamation method. 

(3) Wet methods. 

(1) The Method of Fusion with Lead. This is the 
most ancient of the three methods, and only rich ores 
are now thus treated. The ore is fused with lead, which 
is then removed by cupellation. 

(2) Amalgamation Method. In this method the 
silver is caused to alloy with mercury; and the mercury, 
being volatile at a moderately high temperature, is then 
removed by distillation. The components of this class 
are: — 

(a) The Mexican or Patio Process (see p. 150). 

{b) The European Process. In this process the amalga- 
mation is brought about in barrels revolving on a hori- 
zontal axis. 

(c) The American Process, in which the alloying with 
mercury takes place in iron pans. 

(3) Wet Methods. In the wet methods the silver 
ores are so treated as to convert the silver into a salt 
soluble in one or other of certain liquids. The silver is 
then precipitated from its solution by the use of copper, 
zinc, or scrap-iron. The following processes belong to 
this class: — 

{a) Von Patera Process, Chloride of silver is formed 
by roasting the ore alon^ with common salt; the silver 
chloride so produced is dissolved in sodium thiosulphate; 
sodium sulphide is then added, which causes the pro- 
duction of silver sulphide. This latter compound is first 
oxidized and then decomposed when strongly heated, 
metallic silver being finally produced. 

{h) ZiervogeVs Process, The ore is treated so as to produce 
silver sulphate; this compound is then extracted by hot 
water containing sulphuric acid; copper is then added, 
which causes the deposition of the silver (see p. 155). 

(c) AugustirHs Process, The silver is converted into 
chloride by roasting with common salt. Silver chloride 
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forms a soluble double chloride with common salt> and 
from the solution of this compound the silver is extracted 
by the use of metallic copper (see p. 159). 

Mexican or " Patio " Amalgamation Process 
for the Extraction of Silver. The Mexican or Patio 
amalgamation process was invented by Bartholome Medina 
of Mexico in 1557. Since his time the method has under- 
gone but little alteration. Its suitability depends upon 
the scarcity of fuel, the cheapness of labour, and the 
poverty of the ore. 

Apparatus employed in the Patio Process. 
The apparatus employed in the "Patio" process is simple 

in its nature and 
construction, con- 
sisting of: — 

1. Hammers, 
which are used for 
breaking up the 
ore; after which it 
is crushed under — 
2. Stamps, these 
consisting of wood- 
en rods shod with 
iron, which are 

Pig. 60.— Arrastra or Mexican Grinding Apparatus. rsiiRpd hv r^^ma af- 

a, Pivoted wooden pillar. raibtJU uy Uims air 

tached to a hori- 
zontal axis, and then allowed to fall upon the ore which 
is placed beneath. The stamped ore is now ground to 
a fine powder in the — 

3. Arrastras or mills. These are circular stone pave- 
ments 12 feet in diameter, made of well-dressed stones 
(usually porphyry) weighing from 300 to 400 lbs. each, the 
crevices between being filled up with cement (see fig. 60). 
The sides of the arrastras are made of the same material. 
In the centre of each mill is a vertical pivoted wooden 
pillar, a, projecting from which are two radial arms for 
the suspension of the grinding stones. The mules which 
work the mill are harnessed to the ends of these arms. 
The powdered ore is conveyed from the mills in — 
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4. Casks to a — 

5. Trougli, where the ore is spread out, and from 
which it is carried to — 

6. The Floor or "Patio", from which the process takes 
its name, and which is the spot where the amalgamation 
of the silver is effected (see fig. 51). This "Patio" is 
usually a large court-yard paved with flagstones cemented 



Pig. 51.-The Patio. 

together, the average Patio covering an acre and a half 
of ground. From the Patio the ore is conveyed to — 

7. The Washing Tanks or Vats, which are also con- 
structed of porphyry, and in the centre of which is a 
vertical pivoted post with horizontal arms and vanes, 
which stir up the water when they are set in motion by 
mules or horses. 

The silver amalgam from these washing tanks is first 
placed into — 

8. Conical bags of leather and canvas, and the excess 
of mercury squeezed out, after which the pasty amalgam 
remaining is finally treated in — 

9. Mercury botties or cast-iron retorts, where the mer- 
cury is distilled off, leaving a spongy mass of silver behind. 

Materials used in the Patio Process. The 
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silver usually exists in the ore as silver sulphide, and 
the materials employed for extracting the silver are— 

(1) Magistral, or copper sulphate. This is prepared 
from copper pyrites containing about 10 per cent of 
copper. The pyrites is reduced to the condition of fine 
powder, dried, and exposed to the air for some months, 
during which time it undergoes oxidation. It is then 
calcined in a double-bedded furnace, and the copper is 
thus completely converted into copper sulphate. Crystal- 
lized copper sulphate answers the same purpose as the 
magistral, and is now largely imported. 

(2) Common Salt. This is obtained from the sea-coast 
or from salt lagoons. The purest product contains 95 per 
cent of sodium chloride. 

(3) Mercury. Cinnabar (mercuric sulphide) is very 
rare in Mexico, and all the mercury used is imported. 

Method of Working in the Patio Process. 
The ore is first broken into lumps with hammers, and 
then put through the " stamps " and reduced to the size 
of coarse gravel. It is now ground to a fine powder in 
the arrastra. The finely powdered ore is next transported 
in casks to a large trough or tank, where about 60 tons 
of ore are spread out to a depth of a few inches; and 
here it is stored till required for use in the next process. 

The ore is afterwards subjected to amalgamation in the 
" Patio". It is made into circular heaps one foot in thick- 
ness, and common salt, magistral, and mercury are succes- 
sively added to it For every 1000 lbs. of silver, 30 
tons of salt, 3 tons of magistral, and 18,000 lbs. of mer- 
cury are used. The first stage is called the "salting", 
when 6*4 per cent of salt is added, together with a little 
water, the salt being well mixed with the ore by being 
trodden in circles by six horses abreast. The mass is 
then turned over and assayed to determine the percentage 
of silver present in it. The next day magistral and mer- 
cury are added according to the result of the assay. H 
there be, for example, 64 ozs. of silver to the ton, then 
0*2 per cent of magistral is first added to the ore, and 
this is afterwards well trodden in by horses. 
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The mass within the "Patio" now becomes spongy and 
dark-coloured, and mercury ia sprinkled over it from 
linen bags, 1440 lbs. of mercury being added for every 
60 tons of ore. Only two-thirds of the mercury is added 
at first, the remainder being sprinkled over at intervals 
subsequently. An average sample of the whole mass is 
now taken, and the amount of amalgam present is deter- 
mined. Fresh magistral and mercury are added at 
intervals, and the mass is then again trodden over by 
horses. 

The mass of ore is now in the form of a low heap or 
"torta", and is ready to receive the last portion of mer- 
cury, which is added to dissolve out the silver amalgam 
which has been formed. In order to effect this, 420 lbs. 
of mercury are added for every 60 tons of ore treated. 
The tramped argentiferous mud is then removed from 
the "Patio", and is washed in vata made of porphyry, 
60 tons of mud being washed in 20 hours. From the 
vats the amalgam, containing 8 parts of mercury to 1 part 
of silver, is removed, and after undergoing a process of 
"squeezing" is treated directly for its silver, as described 
below. 

On warm, bright days the yield of silver is greater 
than on cold, cloudy days, but the loss of silver under 
the best conditions is about 25 per cent. 

Nature of the Products in the Patio Process. 
The silver amalgam obtained by the "Patio" process 
contains 8 parts of mercury to 1 part of silver, and the 
loss of mercury during the operation is nearly equal to the 
weight of the silver extracted. Any native gold or silver 
which may be present are removed by ad&ig mercury 
to the ore while it is being ground to a powder in the 
"arrastra". 

A great many intermediate products are formed on the 
addition of the salt, the magistral, and the mercuiy to 
the ore. The reactions which ensue are complicated, and 
are as follows. The copper sulphate is first converted 
into cupric chloride by the action of the common salt, 
thus : — 
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8NaCl+4CuS04 = 4CuClj + iNa^O^ 

By the action of this cupric chloride in the presence of 
air, the silver sulphide is changed into silver chloride, 
thus : — 

AggS + 2CuClo = 2AgCl + Cu^Cl, + S 

^^ ^^ ^nl />-^-cSe --^ as -^ Sulphur. 

The cuprous chloride in the presence of air also acts 
upon silver sulphide, thus : — 

Ag^S +2CUi,CL,+ 30 = 2A^l + (CuCl23CuO) + S 

The silver is now entirely in the form of chloride, and 
on the addition of mercury the chloride is decomposed, 
thus: — 

2AgCl + 2Hg = 2Ag + Hgp^ 

dforide <^-^ Mercury produce Silver an^ ^^^^ 

The silver so liberated at once 
foims an amalgam with the ex- 
cess of mercury present. 

Working of the Amalgam 
produced in the Patio 
Process. The silver amalgam 
is placed in conical bags; the 
upper part of which consists 
of leather, the lower part being 
made of closely-woven canvas. 
On squeezing the bags, the ex- 
cess of mercury passes out 
through the pores of the canvas, 
leaving an amalgam containing 
Fig. 8«.-Mercuiy Bottle Retort. 4 or 5 parts of mcrcuTy to 1 part 
of silver. 
This amalgam is broken up and treated as follows:— 
The bottom is knocked out of an iron "mercury bottle", 
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A, the top is plugged up, and the bottle is filled with the 
pasty silver amalgam (see fig. 52). The bottle is now 
placed over an iron plate, B, which is pierced with circu- 
lar holes; underneath this plate is a receptacle containing 
water, c, into which the mercury drops as the heat parts it 
from the silver. A fire is very carefully built up around 
the bottle to heat the amalgam to the right degree; for 
if the temperature be too low, the whole amalgam flows 
down, if too high the silver melts. 

In California this rude apparatus has been replaced by 
cast-iron retorts, with much better results. 



CHAPTER XVI. 



ORES OF SILVER AND METHODS OF EXTRACTION OF THE 
METAL (Continued). 

Extraction of Silver from Argentiferous Regu- 
lus: Ziervogers Process. Regulusy otherwise known 
*s matt or coarse metal, is the first product obtained in 
the smelting of copper ores. This regulus not unfre- 
quently contains a notable amount of silver — some 0*1 to 
0'3 per cent — ^which is capable of being profitably ex- 
tracted by Ziervogel's process. For the proper working 
of this process it is not essential that the amount of 
silver in the ore should be very great; indeed in this 
method, as in the other wet methods for silver extrac- 
tion, it is preferable that the ores should not be too rich 
in silver. Thus, in the case of the Mansfield ore, with 
^Mch this process was first worked, the amount of silver 
(in the form of silver sulphide) does not rise to more 
than 0-5 per cent. 

The " regulus " consists essentially of iron, copper, and 
silver, all in the form of sulphides. This regulus is first 
of all crushed, and then roasted at a low temperature in 
fitalls in order to drive off as much sulphur, arsenic, and 
antimony as possible The ore is then allowed to cool; 
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and is again and this time more finely crushed; it is then 
roasted for a period of about an hour and a half at a low 
temperatiu-e. During this period of gentle heating the 
iron sulphide combines with oxygen (from the air) and 
is thus converted into iron sulphate. A similar period 
of roasting at a somewhat higher temperature similarly 
brings about the conversion of the copper sulphide to 
copper sulphate. The temperature is again raised for an 
hour and a half or so (during which time the mass is 
thoroughly stirred), when finally the silver sulphide is 
brought into the state of silver sulphate. 

The next thing that is done is to bring about the 
decomposition of the iron and copper sulphates, while 
leaving the silver sulphate intact or unaltered. This is 
accomplished by raising the temperature of the furnace; 
and it is at this stage in the process that the very greatest 
care has to be taken, a considerable amount of skill and 
experience being required to know exactly the time 
when the roasting mass should be raked out so as to 
avoid the decomposition and consequent loss of the silver 
sulphate. 

The roasted mass now contains copper oxide and iron 
oxide, together with silver sulphate. Of these three 
substances, the last is the only one soluble in water. It 
can therefore be obtained by submitting the roasted mass 
to the process of lixiviation. To do this the roasted ore 
is placed in a series of vats (see fig. 53) having false 
bottoms, the spaces between the false and the true bot- 
toms of the vats being filled with some filtering material, 
such as tow, &c. About five cwts. of ore are placed in 
each vat. A quantity of water containing some sulphuric 
acid, the temperature of the liquid being about 90° C, is 
then allowed to run on to the roasted ore. This liquid, 
after ininning through the first vat. A, is allowed to per- 
meate through the ore in the second vat, E, and so on 
throughout the series, so that by the time the acid hquid 
emerges from the last vat, G, it has become a fairly strong 
solution of silver sulphate. 

The silver in this solution of silver sulphate is then 
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obtained by replacing it by some cheaper metal, such as 
copper. The silver thus thrown down is melted up and 
cast into ingots; whilst the copper which has gone into 
solution, and is now in the form of copper sulphate, is 
obtained again by replacing it with some still cheaper 
metal, such as scrap-iron. 

The residues, which (owing to the formation of insoluble 

compounds with iron oxide, bismuth, &c., and incomplete 

workiner^ still contain some sil- 



Fig. 9— Arrangements of Ziervosel's Apparatus, a, Tab with false bottom. 
b, c. Pipes for admitting acid water into a. a, c, Tank for receiving solution from 
A. E, F, a. Precipitating tanks, a. Gutter for escape of liquid v. Tub in which 
the precipitated silver is treated with sulphuric acid 

Description of the Furnaces and Apparatus 
employed in Ziervogel's Process. In the roasting 
of tne regulus it is essential that the heating of the mass 
should be gradual, and the temperature capable of re- 
gulation within certain limits. This is best attained by 
conducting the operation in a double-bedded reverbera- 
tory furnace, which is therefore always employed in this 
process. The ore is first placed on the upper bed of the 
furnace; and for the first hour and a half or so the tem- 
perature is raised only sufficiently high to convert the 
iron sulphide into the condition of iron sulphate. 

At the end of that time the temperature is raised for 
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another interval of l|-2 hours, during which the copper 
sulphide is brought into the state of copper sulphate. 
The mass being still on the top bed, the temperature is 
a third time raised; when the silver sulphide is converted 
into silver sulphate. 

When this has taken place (the whole of the ore having 
been well stirred during the meantime) the roasting mass 
is raked on to the lower and hotter bed of the reverbera- 
tory furnace; the process of decomposition of the iron 
and copper sulphates then takes place in consequence of 
the great elevation of temperature. The upper bed of 
the furnace is therefore used simply for the preliminary 
operations in the process of roasting; the completion of 
the process being brought about on the lower bed. 

Chemical Reactions involved in the various 
operations in Ziervogel's Process. The basis of 
the Ziervogel Process lies in the fact that the iron, the 
copper, and the silver sulphides (the primary constituents 
of regulus) each and all undergo oxidation into the corre- 
sponding sulphates when roasted in contact with air, for 
example thus: — 

Ag^S + 2O2 = Ag^SO^ 

Silver sulphide and Oxygen (from air) produce Silver sulphate. 

It is in order to ensure the thorough permeation of air 
throughout the mass that the ore is raked and stirred so 
many times during the roasting ; for unless this be done 
the upper parts of the ore, and those in direct contact 
with the air, would alone be "sulphated'*; the ore below 
the surface of the mass would remain almost entirely 
unacted upon. 

The following three sulphates — ferrous sulphate 
^Fe SO4), cupric sulphate (Cu SO4), and silver sulphate 
(Agg SO4) — ^being thus produced, advantage is taken of 
the fact that ferrous and cupric sxilphates are decomposed 
into their corresponding oxides at a miich lower tempera- 
ture than silver sulphate: — 

CUSO4 = CuO -h SO3 

Copper sulphate{Xtr^}^^dt -^ ^S 
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It is, therefore, possible by stopping the heating of the 
mass at a particidar stage to convert the sulphates of 
iron and copper into oxides, which are insoluble in water; 
the silver sulphate remaining undecomposed and soluble. 

This silver sulphate is obtained in the form of a solu- 
tion as before described; and the silver is obtained from 
it in the metallic state by placing metallic copper in the 
solution. This reaction then ensues : — 

Ag2S04 + Cu = CUSO4+ Ag2 
Silver sulphate and Cop^r produce g^j^^^ and ^^^j.^^ 

Finally, the copper in its turn is obtained from the 
solution of cupric sulphate by introducing into the solution 
some scrap-iron: — 

CUSO4 + Fe = FeSO^ + Cu 

Copper sulphate and Iron produce J^^^ a7id ^^^'; 

Augustin's Process for the Extraction of Silver. 

Augustin introduced his process at Mansjfield in 1849; 
and this was the only wet method of extracting silver 
from its ores known befcw:e the introduction of Zier- 
vogel's process. 

Augustin's process depends on the following prin- 
ciples : — 

(1) The silver in an ore can be converted into silver 
chloride by roasting with common salt. 

(2) The silver chloride thus formed can be dissolved 
by brine. 

(3) The dissolved silver (existing in the state of a 
chloride) can be precipitated from its solution by metallic 
copper. 

Description of Augustin's process. The silver 
ores are first made to undergo a preliminary roasting, 
the object of which is to oxidize or expel all volatile 
substances, such as arsenic, antimony, and the like. By 
doing this the consumption of salt is economized, since 
these volatile metals readily combine with the chlwine 
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of the salt. Not only do they do this, but the chlorides 
of these metals (which would certainly be formed) are 
detrimental to the complete extraction of the silver out 
of the ores. By first oxidizing them they are not so likely 
to form chlorides as they otherwise would be. 

A charge of the crushed calcined ore together with 
some 8 or 9 per cent of common salt is then introduced 
into an ordinary reverberatory furnace, and roasted for 
a period of about 3 hours, the mass being kept well 
stirred in the meanwhile. During this time the tempera- 
ture of the furnace is kept down below the point at 
which silver chloride melts, since if this melting took 
place the mass would clot and the complete extraction of 
the chloride afterwards would require much more time 
than otherwise. 

The roasted ore is now " leached " with a hot concen- 
trated solution of ordinary salt. To effect this about 
half a ton of ore is placed in a number of lixiviation 
tanks arranged in tiers. These tanks are simply round 
vats some 14 ft. in diameter and 3| ft. deep, made of 
strong oak. They have a similar construction to those 
used in the Ziervogel process (see fig. 53), being provided 
with false bottoms made of strong lattice-work, covered 
with sacking or some other filtering material. Leading 
out of the space between the false and the true bottom 
of each tub is a tap, by which any liquid in the tank can 
be drawn off after having first been filtered. 

A hot solution of common salt is then allowed to fall 
into the topmost tank of the series, and, after percolating 
through the ore contained in this tank, is drawn off by 
means of the tap at the bottom. During its passage it 
has combined with a large part of the silver chloride in 
the ore. This liquid is then made to run on to the ore 
in the next tank in the series. Here it combines with 
more silver chloride, so that by the time the salt solution 
is run off from the last tank of the series it has become 
(by the successive additions of silver chloride) a tolerably 
concentrated solution of that substance. 

To extract the silver out of this solution, the liquor is 
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pumped into the first of a series of " precipitating vats ". 
These coincide in every particular with the lixiviation 
tanks just described, except that on the false bottom 
of the vat is placed a perforated copper plate. On the 
silver chloride solution coming into contact with the 
copper plate, the silver is given up or exchanged for 
copper. This silver is then deposited as a fine gray- 
powder, while the copper plate gradually wastes away. 

Chemical Principles involved in Augustin's 
Process. Let us suppose that the ore treated is one 
containing the silver in the form of silver sulphide; then 
on roasting this with salt in the manner described, silver 
chloride is produced. The reaction that ensues may be 
represented by the f ollo^ving chemical equation : — 

AggS + 2NaCl = 2AgCl + Na.,S 

Silver ^„ 7 Sodium Chloride _ y, ^^ Silver ^^ , Sodium 
Sulphide "^ (or Salt) ^^^^"^ Chloride "^^ Sulphide. 

When the silver chloride thus produced is dissolved 
by the salt solution or brine (which is the next operation 
performed) a double chloride of silver and sodium is 
formed. This is a soluble salt. 

From this solution the silver is extracted by means of 
copper placed at the bottom of the " precipitating vats ". 
This is simply an interchange of silver for copper, 
thus: — 

2AgCl + Cu = Ag2 + CuClg 

Silver Chloride and Copper produce Silver and Copper Chloride. 

Finally, the copper is obtained from its state of solu- 
tion as copper chloride by means of scrap-iron. The re- 
action is the same in principle as that above, viz.: — 

CUCI2 + Fe = Cu + FeClg 

Copper Chloride and Iron produce Copper and Iron Chloride. 

This copper — which is termed "cement copper" — may 
\>e, and often is, utilized for precipitating the silver instead 
of the copper plates. 

Extraction of Silver from Ore by means 
of Lead. This method of extracting silver is now 
r984) L 
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largely carried on in England, and also at the large 
metallurgical works at Freiberg in Saxony. The silver 
ores to be treated, which come mostly from South Ame- 
rica, are by this method smelted in conjunction either 
with metallic lead, with galena, or with rich lead slags 
(these two latter materials being capable of yielding 
metallic lead during the smelting of the ore). The 
molten lead then exercises a reducing action on the 
silver compound contained in the silver ore; the lead 
being exchanged for the silver. Thus if the silver is 
present as silver sulphide, the following reaction would 
ensue : — 

Ag^S + Pb = Ag2 + PbS 

Silver Sulphide and Lead produce Silver and Lead Sulphide. 

As soon as the silver assumes the metallic state, it 
immediately passes into and combines with the excess 
of lead present, and an alloy of silver and lead is thus 
obtained. 

The extraction of the silver from this argentiferous 
lead is then carried out either by Pattinson*s or by 
Paikes's prbcess. Sometimes, however (as at Freiberg), 
both processes are used together in this way. I^e 
concentration of the silver in the argentiferous lead is 
carried down to a certain point by means of the Pattinson 
process, after which Parkes's process is brought into use, 
and the final concentration of the silver accomplished 
by its aid. By this means the cost of desilverizing the 
lead is considerably lessened, as the cost of working the 
Pattinson process (especially in its final stages) is some- 
what great. 

The alloy of silver, lead, and zinc obtained by the aid 
of Parkes's process is then first distilled (when the zinc is 
expelled, its vapour being condensed and the same metal 
used over and over again), and the resulting rich alloj 
of lead and silver cupelled. By this means the lead is 
converted into litharge and so got rid of, only pure silver 
remaining on the "test" of the cupellation furnace, which 
silver is thereafter run off and cast into ingots. 
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SECTION IV. 

METALS OTHER THAN THE FOREGOING. 



CHAPTER XVII. 

COPPER AS A METAL: COMPOUNDS OF 

COPPER WITH OXYGEN AND WITH SULPHUR— THE 

ORES OF COPPER. 

Copper and its Symbol. This metal was known 
to the ancients; the Romans first obtained it from the 
Island of Cjrprus, and called it jEs Cyprium (Cyprian 
bronze), this term being afterwards contracted to Cuprum. 
The symbol or sign used by chemists to denote the ele- 
mentary body copper consists of the first two letters (Cu) 
of its Latin name (Cuprum), 

Physical Properties of Copper. Copper possesses 
a brownish-red colour when freshly fractured, and a 
metallic lustre. When broken it gives a finely granular 
fracture; it has a specific gravity of 8*8. The ruddy 
colour of copper distinguishes it from every other sub- 
stance except cyano-nitride of titanium, a compound 
found on certain blast-furnace slags. Copper crystallizes 
in the cubic system, and crystals may be obtained either 
by fusion of the metal or by precipitation from a salt of 
copper. Its melting point is 1050° C, and it volatilizes 
in the oxyhydrogen blow-pipe flame. At temperatures 
near to its melting point copper becomes very brittle, 
and can then be pounded in a mortar. When copper 
passes from the liquid to the solid state it expands. 
The properties of malleabib'ty and ductility are highly 
developed in copper; but, if hammered cold, it becomes 
hard and brittle, and its malleability is only restored 
after annealing at a red heat. 

Copper is an excellent conductor of electricity; calling 
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the electrical conductivity of silver 100, then that of pure 
electrotype copper is 96*4. The presence of other ele- 
ments markedly decreases its conductivity; thus with 
the presence of y^^th per cent of arsenic the conductivity 
of copper falls to 67*7. Copper containing even a small 
quantity of phosphorus is unsuited for electrical pur- 
poses, its conductivity being again considerably lessened. 

Action of Acids upon Copper. Hydrochloric acid at- 
tacks copper very slowly; strong sulphuric acid dissolves 
it when heat is applied, sulphur dioxide being evolved. 
Nitric acid at once attacks copper, converting it into 
copper nitrate. 

Cuprous Oxide (Cu^jO). Copper combines with 
oxygen in two proportions, forming the sub-oxide and 
the monoxide of copper. 

Copper sub-oxide or cuprous oxide (CugO) contains 88*8 
per cent of copper and 11*2 per cent of oxygen. It is 
crimson-red in colour with a metallic lustre, crystallizes 
in the cubic system, and occurs native in Cornwall and 
other districts. 

When a piece of copper foil is heated in the Bunsen 
flame, both the oxides of copper are formed, thus : — 

3Cu + O2 = CU2O + CuO 

Copper aiid Oxygen pi'odiice Cuprous Oxide arid Copper Monoxide. 

On heating cuprous oxide with carbon reduction takes 
place, with the formation of metallic copper and carbonic 
oxide, thus: — 

CugO + C = 2Cu -t- CO 

Cuprous Oxide and Carbon 'produce Copper aiid Carbonic Oxide. 

Cuprous oxide combines with silica, forming an easily 
fusible silicate. The presence of cuprous oxide in 
copper renders that metal brittle, or, as it is technically 
termed, "dry", or " underpoled ". 

Cuprous oxide is deposited as a red precipitate when 
a solution of grape-sugar is heated vnth a mixture of 
copper tartrate and caustic soda. (This is "Fehling's 
test " for the detection of grape-sugar.) 
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Cuprous oxide is readily dissolved by the minei*al 
acids, with the production of the cuprous salts of copper; 

CU2O + 2HC1 = CU2CI2 + H2O 

Cuprous Oxide and «IjIqJq a Ij j 'produce Cuprous Chloride and Water. 

Monoxide of Copper, or Cupric Oxide. The 

monoxide of copper or cupric oxide is blackish-brown in 
colour, each molecule consisting of one atom of copper 
and one atom of oxygen — its formula, therefore, being 
CuO. Cupric oxide contains 79*85 per cent of metallic 
copper, together with 20*15 per cent of oxygen. It 
crystallizes in the rhombic system. 

Monoxide of copper, like the suboxide, is easily re- 
duced to the metallic state when heated with carbon. 

This monoxide is formed as blackish scales upon the 
surface of the metal when copper is heated to redness in 
contact with either air or oxygen. 

On adding a solution of caustic soda or caustic potash 
to a solution of a copper salt (copper sulphate, for 
example), a pale-blue precipitate consisting of cupric 
hydrate is thrown down : — 

CUSO4 + 2NaH0 = CUH2O2 + NagSO^ 

Copper Sulphate and Caustic Soda produce gy^^jg «^«^ Sulphate 

When the solution containing cupric hydrate is boiled, 
the latter substance is decomposed; water being given 
off, while copper monoxide remains : — 

CUH2O2 = CuO + H2O 

Cupric Hydrate produces Copper Monoxide and Water. 

Cuprous Sulphide. Each molecule of cuprous 
sulphide (CU2S) consists of two atoms of copper com- 
bined with one atom of sulphur. 

This substance exhibits a strong tendency to combine 
with other metallic sulphides to form complex compounds. 

Cuprous Sulphide heated with access of air. 
Cuprous sulphide remains unchanged when heated to a 
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high temperature out of contact with air. But if heated 
in contact with air, sulphur dioxide gas is evolved, and 
cupric oxide is formed. The reaction takes place in two 
stages, and is dependent upon the temperature at which 
the operation is conducted. First, the cuprous sulphide 
is converted into copper sulphate (CUSO4), cuprous oxide 
(CugO), and cupric oxide (CuO). 

Secondly, if the temperature is now raised the copper 
sulphate is decomposed; evolving sulphur dioxide and 
oxygen. This oxygen at once combines with the cuprous 
oxide, converting it into cupric oxide. 

Thus although intermediate products are formed, the 
ultimate compounds produced are sulphur dioxide and 
cupric oxide, thus : — 

CojS + 2O2 = SO2 + 2CuO 

SiUDldd^ aTiti Oxygen pi-odiux Sulphur Dioxide and Cupric Oxide. 

Cuprous Sulphide heated in admixture with 
Cuprous Oxide. K cuprous sulphide be intimately 
mixed with an oxide of copper, so that the proportion 
of sulphur in the copper sulphide to the oxygen in the 
copper oxide is such as to form sulphur dioxide when the 
mixture is heated to the melting point of copper, then 
the whole of the copper contained in the mixture will be 
reduced to the metallic state. 

In practice, the smelter roasts the copper sulphide till 
it has been sufficiently oxidized into cuprous oxide to 
form sulphur dioxide with the remaining unaltered 
sulphide ; he then heats the mixture up to the melting 
point of copper, and thus obtains metallic copper. 

The following equation illustrates the reaction between 
the sulphide and the suboxide of copper: — 

CU2S + 2CU2O = 3Cu2 + SO.3 

Copper Sulphide aiid Cuprous Oxide pi^odvce Copper and Pko d ^ 

Cuprous Sulphide heated in admixture with 
Monoxide of Copper. If cuprous sulphide be mixed 
with the monoxide of copper and the mixture strongly 
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heated, a reaction similar to that in the preceding case 
takes place. 

Metallic copper and sulphur dioxide are formed, as 
represented in the following equation : — 

CuoS + 2CuO = 2Cu2 + SO2 

Copper Sulphide and Monoxide of Copper produce Copper and ^^aI 

Cuprous Sulphide heated in admixture with 
Sulphate of Copper. The natuie of the products 
formed by heating sulphide of copper with sulphate of 
copper will depend upon the temperature to which the 
mixture is subjected, and also upon the proportions which 
the two compounds bear to one another. In all cases 
sulphur dioxide is formed, and in addition either metallic 
copper, cuprous oxide, or cupric oxide. Thus: — 

CugS + CuSO^ = 3Cu + 2SO2 

Copper Sulphide and Copper Sulphate produce Copper and ^JtiAQ 

CU2S + 2CUSO4 = 2CU2O+ 3SO2 

Copper Sulphide and Copper Sulphate produce ^^^^ and ^^^^ 

CugS + 4CUSO4 = 6CuO + 5SO2 

Copper Sulphide and Copper Sulphate produce qF^q and r^Qxide 

Cuprous Oxide heated with Sulphide of Iron 
and oilica. The following equation illustrates the 
reaction which takes place when cuprous oxide (CugO), 
sulphide of iron (FeS), and silica (SiOg) are heated 
together : — 

2CU2O + 2FeS + SiOg = 2reO.Si02 + 2CU2S 

te'' ^"'^ Sul^Wde ^^ SiKca produce Ferrous SUicate and g^,^^^^ 

The ferrous silicate forms a black vitreous opaque 
slag; the copper sulphide is simply a regulus, formed by 
the sulphur of the iron sulphide replacing the oxygen of 
the copper oxide. 

Cuprous Sulphide heated with Carbon. At a 
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high temperature carbon decomposes sulphide of copper 
with the production of metallic copper. 

Cuprous Sulphide heated with Iron. On heating 
the sulphide of copper (CU2S) with iron, only a partial 
reduction of the sulphide ensues, a certain percentage of 
metallic copper being obtained. 

Copper heated with Suboxide of Copper 
( = cuprous oxide). Copper possesses the power of 
dissolving or taking up copper suboxide; and when the 
maximum quantity of copper suboxide has been taken 
up, the metal is termed " dry copper ". Such copper is 
brittle both when hot and when cold; its fracture is gran- 
ular and uneven; and when melted and cast into an ingot 
mould, the ingot has a shallow longitudinal furrow on its 
upper surface. "Dry copper" contains up to 9 or 10 
per cent of cuprous oxide; and as a consequence of this 
there is a great diminution in its tenacity. 

The presence of a small quantity of this dissolved 
cuprous oxide appears to be necessary, however, to ensure 
the required malleability of commercial copper; the 
proper proportion of cuprous oxide is about 1 to 1*5 per 
cent; and the copper is then known as "tough pitch", 
an ingot then presenting a level surface. When all the 
suboxide of copper is removed, an ingot of copper shows 
a ridge instead of a furrow upon its upper surface; and 
this ridge is no doubt due to the escape of oxygen or 
sulphur dioxide gas while the metal was in the molten 
state. 

Copper and Carbon. Copper smd carbon do not 
combine chemically while they are in the simple or 
elementary state. Carbon, in the form of charcoal or 
anthracite, is heated with copper in the refining pro- 
cesses; with the result that any copper suboxide which 
is present is decomposed, and its oxygen removed : — 

CugO + C = Cu2 + CO 

Cuprous Oxide and Carbon produce Copper and Carbonic Oxide. 

Overpoled Copper. This term is applied to copper 
from which all the copper suboxide has been removed. 
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Overpoled copper is brittle at a red heat; or is "red 
rfiort". 

Ores of Copper. These may be classified as 
follows : — 

1. Native copper. 

2. Ores containing copper oxides. 

3. Ores containing copper carbonates. 

4. Ores containing copper sulphides. 

5. Ores containing copper silicates. 

The value of any ore of copper depends partly upon 
the amount and nature of the impurities associated with 
it, and also upon the manner in which the copper is 
combined with other elements. The presence of blende 
and of barytes is very detrimental; these substances 
forming pasty infusible slags, through which the molten 
metal cannot easily sink. 

Character and Chemical Composition of the 
Ores of Copper. 

1. Native Cfopper. This mineral crystallizes in the 
cubic system; but usually forms irregular masses or 
interspersed grains. Its specific gravity is 8-9. Native 
copper is often extremely pure, any impurities which it 
may chance to contain being chiefly iron and silver. 
Enormous masses of native copper occur in the Lake 
Superior district; one mass alone 3delding 800 tons of 
pure copper. Native copper is also found in Cornwall, 
Wales, &c. 

2. Ores containiiig Copper Oxides, (a) Cupite or 
cuprous oxide, CugO. This ore contains 88*8 per cent 
of copper and 11*2 per cent of oxygen. It crystallizes 
in the cubic system ; and is deep crimson in colour with 
a metallic lustre. It is mined at the Burra-Burra mines, 
South Australia; and in the Lake Superior district. 

(6) Melaconite, or Teiwrite, is the black oxide of copper, 
Cu 0. This oxide, chemically termed cupric oxide, con- 
tains 79*85 per cent of copper, and 20*15 per cent of 
oxygen. It usually occurs associated with cuprite. 

3. Ores containing Copper Carbonates, {a) Malachite, 
or green copper carbonate (CuCOg.CuHgOg), contains 
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57*45 per cent of copper. The largest masses of this ore 
occur in the Urals. At Alderley Edge, in Cheshire, it 
forms the cementing material of a sandstone. 

(b) Azuriky or blue copper carbonate (2CUCO3.CUH2O2), 
contains 55*26 per cent of copper. It occurs associate 
with malachite. 

4. Ores containiiig Copper Sulphides, (a) Copper 
pyrites (CuFeSa) is a double sulphide of copper and 
iron, containing 34*5 per cent of copper, 30*54 per cent 
of iron, and 34*89 per cent of sulphur. It possesses a 
brass or golden -yellow colour; and is much softer than 
iron pyrites (which it much resembles), being easily 
scratched with a knife. This is the most abundant and 
the most important ore of copper. Cornwall and Chili 
are the chief localities for this ore. 

{h) Beditdhite, or copper glance (CuaS), contains 79*7 
per cent of copper. It is a common Cornish mineral. 

(c) Erubesciiey or purple copper ore (CugFeSg), pelds, 
when pure, 55*58 per cent of copper. It is a valuable ore 
of copper, and is found in Tuscany, Cornwall, and Canada. 

{d) FahlerZy or Tetrahedrite, This is a highly com- 
plex ore of copper containing also antimony, arsenic, 
silver, &c. 

The following table shows the composition of an 
ordinary Fahlerz or gray copper ore : — 





Per cent Per cent 


Copper, 


30 to 38 


Antimony, 


16 „ 25 


Arsenic, 


2 „ 11 


Silver, 


0-5 „ 10 


Iron, 


„ 8 


Zinc, 


2 „ 7 


Sulphur, 


25 „ 26 



5. Ores containing Copper Silicates. ChrysocoUa:— 
This is a hydrated silicate of copper, found chiefly in 
Chili. Its chemical formula is CuSiOg. 2H2O. 

Many other ores of copper occur in nature, as atacamiUt 
a hydrated oxy-chloride of copper; copper uranite; and 
copper sulphate; and when these occur in suflScient 
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quantities they are mined, smelted, and the metal so 
extracted. 



CHAPTER XVIII. 

PROCESSES BY WHICH METALLIC COPPER IS EXTRACTED 
FROM ITS ORES. 

Copper Smelting. Copper is extracted from its 
ores in five ways : — 

1. By the reverberatory method. 

2. Blast-furnace method. 

3. A combination of the reverberatory and blast- 
furnace methods. 

4. Wet methods. 

5. Electro-chemical methods. 

Where fuel is plentiful, either the reverberatory, the 
mixed reverberatory, or the blast-fiu-nace processes are 
employed; the wet methods being used when the price 
of fuel is high, and also for extracting copper from copper 
residues. 

Wet methods are also preferable where the ores are 
poor in copper, and where they contain a profitable per- 
centage of silver. 

In the reverberatory methods, sulphiu* is the chief 
reducing agent; carbon and carbonic oxide, with sulphur, 
being the reducing agents when copper ores are smelted 
in bkst-fumaces. By whatever process the extraction 
of copper from its ores is effected, they each and all de- 
pend on the great affinity which copper has for sulphur, 
thus enabling it to form a regulus. 

The Welsh Process of Copper Smelting. At 
Swansea different varieties of copper ores from all parts 
of the world are smelted; some containing not more than 
from 3 to 15 per cent of copper; while others contain 
from 15 to 25 per cent of that metal. The rich ores 
are usually mixed with the poor ores; and in addition 
rich oxides and carbonates of copper are introduced at 
certain stages of the process. 
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The Welsh process consists essentially of a series of 
alternate roastings and fusions; the following diagram- 
matical scheme shows the various operations employed: — 



Pynric Ores 

contoining 

8-K);tofCu 



Jog 
Contain«/iQ 
i%ofCu 
ihrown owo/ 




Fig. 64. 



The general outline of this Welsh process is as fol- 
lows (see also the printed "scheme", fig. 54): — 

1. Calcination. The ores of copper are mixed to- 
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gether and imperfectly calcined (see fig. 55), a large 
proportion of the sulphur and arsenic present being 
thus expelled; but care is taken that sufficient sulphur 
is left to form copper sulphide (CugS) with the whole of 



Fig. 65.— Reyerberatory Furnace for Calcining Copper Orea. h, h. Hearth, 
r, Fireplace, b, b. Hoppers. 

the copper present; and also to form iron sulphide (FeS) 
with an amount of iron chemically equivalent to the 
copper. The remainder of the iron is oxidized, forming 
ierric oxide, FcgOg. 

2. Fusion. The imperfectly calcined ore is next mixed 




Fig. 66.— Reverberatory Furnace for Melting Calcined Copper Ores. 
A, Hearth covered with sand, b. Fire-grate. 

with fresh copper ore, and with metal slag from operation 
No. 4 (see below). The whole is then melted together 
(fig. 56). The copper having a great affinity for sulphur, 
and the iron a great affinity for oxygen, chemical reac- 
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tions ensue. The ferric oxide in the calcined ore is re- 
duced to ferrous oxide, FeO; and passes away as silicate 
of iron in the slag. The oxide of copper is changed into 
sulphide of copper, which, together with some sulphide of 
iron, forms a regulus. The final result is a regulus termed 
"coarse metal", containing from 27 to 35 per cent of 
copper. 

3. CalcinatioiL of the ^' Coarse Metal". The regulus 
is coarsely broken up, and again partially calcined. Some 
of the sulphur is here driven off as sulphur dioxide; but 
most of the iron sulphide yields up its sulphur to the 
copper, forming copper sulphide and becoming itself con- 
verted into iron oxide, which is again remov^ as a slag. 
Some of the iron sulphide remains, however, unchanged. 

4. Fusion for the Second Eegnlus or << Wliite Metal ". 
The calcined material is melted with copper ores free 
from sulphur and rich in oxygen, the object being to 
remove the remaining sulphur from the iron sulphide 
(thus producing iron oxide which is removed in the slag) 
and to form a regulus as free as possible from iron sul- 
phide. The regmus thus foimed contains from 68 to 80 
per cent of copper, and is termed "Pimpled", "White", 
or "Blue metal", according to the amount of iron sulphide 
still contained in it. 

5. Boasting. The pigs of regulus from the last oper- 
ation are roasted, and the result is known as "Blister 
copper". The copper sulphide is here oxidized by the 
air, and the cuprous oxide (CugO) which is produced 
reacts on the copper sulphide (CugS) which remains, pro- 
ducing sulphiu- dioxide gas and metallic copper. 

6. Refining. By thS process (see p. 182) tough or 
refined copper is finally obtained, containing from 99 7 
to 99*8 per cent of copper. 

Furnaces employed in the Welsh Process. 
The furnaces in which both the calcining and the fusing 
of the copper ore are conducted are ordinary reverbera- 
tory furnaces, termed the "calcining" and the "melting" 
furnace respectively. 

Calcining Furnace. This is a firebrick-lined rever- 
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beratory furnace having a flat bed (see fig. 55), and 
usually built with four holes in the roof for the intro- 
duction of ore by means of hoppers, B. Since the tem- 
perature required for the calcining of the ore is not very 
great, the laboratory, H, is comparatively large as com- 
pared with the area of the fireplace, F. On account of 
the large amount of noxious gases, such as sulphur di- 
oxide and arsenious oxide, which are expelled from the 
ore, the stack of the furnace is usually built very high. 
The charge is worked and rabbled by means of long iron 
rakes from the working doors of the furnace, of which 
there are usually either two or four on each side. On 
the completion of the process the charge is raked out 
through a hole in the bed of the furnace adjacent to each 
working door, and then drops down into one or more 
arched chambers placed directly under the bed of the 
furnace. These chambers are also in connection with the 
stack, since the roasted ore continues to evolve sulphur 
dioxide during its cooling. 

Melting Furnace. This furnace (also known as an 
" ore furnace ", see fig. 56) differs from a calciner in the 
fact that the bed, A, is constructed of consolidated sand, 
and is made sloping; and also in the fact that a much 
larger grate, B, is used. The calcined ore is introduced 
on to the bed of the furnace by means of hoppers in the 
roof. This bed is oval in shape, and inclines toward a 
tap-hole; there being, therefore, no arched chambers in 
the construction of this "melting" furnace. The sand 
of the bed is of an average thickness of about 1 ft. to 
1^ ft. There is only one working door to the furnace, 
and that is placed at the stack end. 

In both calcining and melting furnaces the fuel used is 
coal, usually a mixture of free-burning and caking coals. 

THE CHEMISTRY OF THE WELSH COPPER PROCESS. 

The Reactions which occur in the Welsh Pro- 
cess. In the Welsh copper-smelting process the main 
object aimed at is the formation of a regulus or copper 
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sulphide; and also the removal of the iron sulphide first 
by oxidizing it, and secondly by causing the iron oxide 
so produced to combine with silica to form ferrous silicate 
(a slag). Lastly, we have the production of metallic 
copper from the regulus by the mutual reactions of 
the copper sulphide and the copper oxide. 

The following equations may be taken as representing 
the reactions which take place during the smelting of 
copper ores in the Welsh process. The numbers refer to 
those over the circles in the scheme previously given on 
p. 172. 

(1) First Boastmg or Calcination Process: — 
(a) 

CuS.FeS-f 30 = CuS + FeO + SOg 

^Pr"" and,, ^»yp°. .produce ^?P,P? and ^^^fj^ ai«i WF 
pyntes '* (from the air) /"*''*«** sulphide oxide dioxide. 

2FeO 4- = FcoOg 

Ferrous oxide and Oxygen produce Ferric "oxide. 

(2) First Melting Process: — The excess of iron is first 
removed as a slag: — 

2FeO + SiOg = 2FeO.SiO« 

Ferrous oxide and Silica produce Silicate of iron (slag). 

In this first melting process, also, the copper sulphide 
and the iron sulphide combine, thus: — 

CuS + FeS = CuFeS., 

Copper sulphide and Iron sulphide produce " Coarse metEd ". 

(3) Second Boasting or Calcination Process: — 

(a) 

CuFeSg + 30 = CuS + FeO + SOg 

^;^Coarse ,,, o.y,en produce ^^^^ and ^.^^^ and |^Pf- 

2CuS + ©2 = CugS + SOg 

Cupric sulphide and Oxygen produce Cuprous sulphide and ^^^ 
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(c) A portion of the cuprous sulphide thus formed is 
oxidized to cupric oxide : — 

CugS + 2O2 = 2CuO + SO2 

Cuprous sulphide and Oxygen produce Cupric oxide and ^^^ 

(4) Second Melting Procesi: — 

2CuO + CugS = 4Cu + SO2 

Cupric oxide aTid Cuprous sulphide produce Copper and J^^^I 
PRACTICAL DETAILS OF THE WELSH COPPER PROCESS. 

1. Calcination in the Welsh Process. The cal- 
cination, or more properly the roasting, is effected in a 
reverberatory furnace having a deep fireplace (fig. 55) ; a 
thick mass of bituminous coal mixed with anthracite fills 
the fireplace, and in order that incomplete combustion only 
may occur, air is admitted through the ash-pit. The ore 
is introduced on to the bed of the furnace through hop- 
pers in the roof; the roof is arched, and the bed of the 
furnace is separated from the fireplace by a fire-bridge. 
Three and a half tons of ore are roasted at a time; the 
temperature of the furnace is gradually raised, and the 
ore is stirred through the open side doors. When the 
roasting is sufficiently advanced, the side doors are closed 
and the temperature raised still higher to decompose any 
sulphates which have been formed. The oxidation of 
the ores is only partial; but may be made complete by 
finely dividing the material. The roasting is completed 
in from twelve to twenty-four hours. 

2. Melting of the Calcined Copper Ores. A 

very high temperature is necessary to melt the calcined 
ores; to produce the required heat the reverberatory fur- 
nace (fi^. 56) must therefore have a large fireplace com- 
pared with the laboratory part. The bed of the furnace is 
composed of tightly packed sand and metal slag, and is 
about 25 inches thick; the bed is a hollow-shaped cavity 
which slopes down in all directions towards the tap-hole. 

(084) M 
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Under the furnace is a hollow arch, so that should the 

{)roducts break through the furnace they may be col- 
ected. About 22 cwts. of calcined ore and metal slag 
are charged into the furnace, and the working door is 
then closed. The slag is the first to melt; and after 
about five hours the copper -iron regulus also melts, 
forming a fluid mass. If the ores are very impure, fluor- 
spar or some similar flux is added. 

The slag is withdrawn by means of a rabble, and the 
regulus is then run out through the tap-hole into water, 
in order to granulate it. This melting of the calcined 
ore does not eliminate the injurious metals, such as arsenic 
and antimony. It has for its object the collection of all 
the copper into the regulus, and the transference of the 
useless substances as much as possible into the slag. 

External Characters of the Products of the 
Melting Process. The regulus obtained by melting 
the calcmed ore is termed "coarse metal". This is a 
bronze-coloured porous mass, the slag formed along with 
it (termed " ore furnace slag ") being black in colour and 
very brittle. 

Composition of Coarse Metal and of Ore- 
furnace Slag. "Coarse Metal*' contains from 27 to 
35 per cent of copper, and consists of the sulphides of 
copper and of iron (CuS and FeS), together with a 
Httfo nickel and cobalt. 

The following is an analysis of "coarse metal": — 

Copper, ... 27*2 per cent 

Iron, 39-4 „ 

Nickel, ) - 

Cobalt,! ^ " 

Sulphur, 82-8 „ 

"Ore-fomace Slag*' consists principally of ferrous 
silicate, FeO.SiOg, and is for the most part thrown 
away. It rarely contains more than -5 per cent of 
copper. 

The following is an analysis of this slag: — 
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SiKca, 

Ferrous oxide, 

Alumina, ... 

Lime, 

Magnesia, 

Cuprous oxide, 

3. Calcination of the Granulated Coarse Metal. 

This second calcination is eflfected in a second reverbera- 
tory furnace similar to that used in the first calcination. 
From 8 to 10 tons of coarse metal are roasted at a time; 
the temperature being kept low at first, but raised 
considerably towards the end of the operation. The 
charge is rabbled from time to time to prevent it from 
clotting; there is no true fusion, the process taking from 
20 to 36 hours. The main object of the process is 
to convert the iron sulphide present in the "coarse 
metal" into iron oxide. Sulphur dioxide is also produced, 
together with oxide of copper; but the main object of 
the process is to convert the iron sulphide present in 
the coarse metal into oxide of iron. All the sulphur 
must not be driven off, or the next operation (No. 4) will 
be rendered impossible. 

4. Melting of Calcined Granulated Coarse 
Metal. This operation is conducted in very much the 
same way as in the fusion for "coarse metal". Slags 
rich in siUca are added to the calcined coarse metal to 
flux away as much as possible of the iron oxide produced 
in the previous roasting process. 

One ton of calcined regulus is mixed with 12 cwts. of 
fresh copper ores rich in oxygen, and the whole is heated 
rapidly to complete fusion. The slag which is formed is 
termed " metal " slag, and contains about 4 per cent of 
copper. It is run into moulds, and added to ores in 
other stages of the process. The regulus consists chiefly 
of cuprous sulphide, and is termed "white", "blue , 
"pimpled", or "fine" metal. The character of this 
regulus, however, depends upon the relation between 
the amounts of the sulphide and the oxide of copper 
present in the regulus at this stage. 
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White Metal. This substance contains about 76 per 
cent of copper, and is produced when the amount of 
oxidized ores (or ores rich in oxygen) added to the 
calcined coarse metal is sufficient to convert the whole 
of the iron sulphid^ present into oxide. This regulus 
is compact and brittle, breaking with a crystalline or 
granular fracture. 

Analysis op White Metal. 

Copper, 77*5 per cent. 

Iron, 2-2 „ 

Sulphur, 201 „ 

Blue Metal. This is a regulus which passes insen- 
sibly into white metal. It is formed when the total 
amount of oxidized ores is not in sufficient quantity to 
oxidize the whole of the iron sulphide, some of the 
latter compound then remaining undecomposed, and 
passing into the regulus. 

The following analysis of " blue metal " may be com- 
pared with the analysis just given for "white metal": — 

Analysis of Blue Metal. 



Copper, 

Iron, 

Nickel, 


56*7 per cent. 
16-3 „ 
1-6 „ 


Silver, 

Sulphur, 


1-2 „ 
... 230 „ 



Blue metal is very brittle, having an uneven fracture 
and a purplish-blue colour. 

« Pimpled Metal " is produced when the oxidized ores 
are in excess, causing a partial reduction of the regulus to 
copper, together with the formation of cuprous oxide. 

Metal Slag. This material (which is the slag formed 
along with the "white", "blue", or "pimple' metal) 
breaks with an uneven or conchoidal fracture, giving 
sharp edges; hence it is sometimes termed " sharp sla^. 
It possesses a dark gray colour, and is frequently crystal- 
line in structure. 
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Analysis of Mkial Slag. 



SUica, ... 


24*9 per c^t to 36 i 


Ferrous oxide, 


64 „ „ 67 


Ahimina, ... 


0-8 „ , 3-8 


Lime, 


1-2 „ „ 2-8 


Magnesia, 


0-2 „ „ 0-4 


Cuprous oxide. . . 


0-7 „ , 9 



Metal slag usually contains from 4 to 5 per cent of 
copper disseminated as shots of metal, and is smelted 
together with calcined ores in operation No. 2. 

Moss Copper. This substance is nearly always 
produced in " blue metal". It is an extremely pure kind 
of copper, forming wire-like strings upon the surface of 
the regulus. It has a mossy appearance, and is often 
found filling the vesicles or air-spaces in the blue metaL 

5. Roasting of Copper Regulus. The roasting 
of the white, blue, or pimpled metal is conducted in a 
reverberatory furnace with a very deep hearth. Air is 
admitted through the fireplace, or through slits on either 
side of the furnace. At this stage of the operation the 
sulphur is eliminated from the regulus. Part of the 
sulphur is removed as sulphur dioxide: — 

Ca,S + 20^ = 2CuO-h SO, 

• sSTpT/e -<^ Oxygen j.o,uce l^^^an^^^^^^ 

The cupric oxide (CuO) which is also formed acts upon 
the remaining copper sulphide, reducing it to metallic 
copper and sulphiu- dioxide, thus : — 

2CuO + Cu^S = 4Cu + SO2 

Cupric Oxide and Cupric Sulphide produce Copper and Sulphur Dioxide. 

Any iron which may be present is scorified, and passes 
away in the slag. The pigs of white metal are placed at 
the top of the hearth, so that the regulus, as it melts, 
runs down towards the bottom of the hearth, leaving the 
impurities behind. The pasty mass of regulus in the 
bottom of the hearth is now reduced to metallic copper 
by the reaction of the cupric oxide on the cuprous 
sulphide as mentioned above. The product is termed 
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"Blister copper", and the slag, which is rich in copper, 
is called "Roaster slag". 

Blister Copper contains from 96 to 99 per cent of 
copper, the impurities which it contains being chiefly 
sulphur, iron, tin, and antimony. The surface of the 
ingot is covered with blisters due to the escape of sulphur 
dioxide gas as the molten metal solidifies. 

Roaster Slag is of a reddish-brown colour, and is 
usually dense and compact in structure. It contains 
from 12 to 20 per cent of copper, partly as dissolved 
cuprous oxide, and partly as metallic shots. This rich 
slag is returned to operation No. 4 to be smelted with 
the "coarse metal". 

Copper Bottoms. In the fusion of the calcined 
"coarse" metal for "white" metal, an alloy of copper 
with tin, antimony, arsenic, lead, and other impurities 
is formed on the bottom of the furnace. This alloy is 
detached, and if it contains but little tin it is sent into 
commerce as "hard metal". Should there be any gold 
and silver present in the copper ores these metals are 
concentrated in the copper bottoms and afterwards ex- 
tracted. (See Ziervogel's method, p. 155.) 

6. Refining of Blister Copper. The "blister cop- 
per" still contains many impurities, and these must be re- 
moved before commercial copper is obtained. The grate 
of the reverberatory furnace in which the refining is con- 
ducted is of larger area than those of any of the furnaces 
already considered. Six to eight tons of blister copper 
in the form of pigs are loosely packed in the furnace, 
and the temperature is rapidly raised to the point at 
which copper melts. Sufficient air is admitted to oxid- 
ize the whole surface of the molten copper, which soon 
becomes covered with a scoriaceous slag containing a 
large proportion of cuprous oxide. Any sulphur and 
arsenic which may be present are at the same time oxid- 
ized, and driven off as vapours. The temperature is 
now raised for 3 or 4 hours in order to fuse the blister 
copper, and the slag is then drawn off*. The fusion in 
the presence of air is continued till a suflScient quantity 
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of cuprous oxide has been formed to completely saturate 
the copper ; and this is shown by the layer of copper 
oxide which covers the surface of the molten mass. It 
is now ready for poling. 

Poling. The surface of the molten copper is now 
covered with a layer of powdered anthracite. A pole of 
birch wood, or of green oak, is put into the molten copper, 
when the wood rapidly decomposes (owing to the high 
temperature), with as a result the evolution of certain gases. 
These gases in escaping cause the liquid copper to splash 
about, thus exposing fresh portions of the metal to the 
reducing action of the layer of anthracite. The gaseous 
hydrocarbons given off from the wood also act upon the 
cuprous oxide in the lower part of the molten mass, and 
reduce it to metallic copper. If the poling has not been 
carried far enough the copper is "dry", and a test-piece 
cracks at the edges when hammered, owing to its brittle- 
ness. It is then said to be " underpoled". 

When the right degree of poHng has been effected, the 
copper is termed "tough pitch"; it is then malleable and 
soft. If it has been "overpoled" the copper loses its 
ductility and malleability, and must be oxidized again. 

Refined copper contains from 99*7 to 99*8 per cent of 
metal. The refinery slag contains large quantities of 
dissolved cuprous oxide, and is usually melted up again 
for the production of white metal 



CHAPTER XIX. 

ZINC OR SPELTER: ITS COMPOUNDS WITH OXYGEN AND 
WITH SULPHUR— EXTRACTION OP METALLIC ZINC 
FROM ITS ORES— BRASS. 

Zinc as a Metal. Our knowledge of the metal zinc 
does not appear to extend farther back than about the 
middle of the 16th century, although the ores of this 
metal must have been employed by the ancients in the 
manufacture of their bronze. 
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In the fonn in which zinc is put on the market it is 
known to brassfounders and others as "spelter". The 
ingots of zinc or spelter are in the form of rectangular 
slabs, and on fractuie exhibit on their broken faces a 
remarkably high lustre. The zinc is then seen to also 
possess a very crystalline structure, the crystals inter- 
secting with one another so as to give the metal a foliated 
appearance. Every possible gradation, however, from 
coarsely crystalline to granular spelter, can be obtained 
by regulating the rate of cooling of the metal and the 
temperature to which the zinc is heated before it is 
poured out into the ingot moulds. 

Physical Properties of Zinc. At the ordinary 
temperature of the air ( = 15° C.) zinc breaks easily. It 
is only when the temperature of the metal is raised to 
about 150° C. that it can be rolled into sheets or drawn 
out into wire; but when fiuther heated to 200° C. it 
becomes exceedingly brittle, and can be readily crushed 
to powder. Zinc can be made malleable after rolling by 
annealing at a low temperature. Its fracture is granular 
or crystalline, varying with the treatment it has received. 
The specific gravity of zinc which has cooled slowly from 
a state of fusion is 7*178; if cooled quickly its specific 
gravity is 7*145. Both hammering and rolling increase 
the density of zinc. 

The most common impurities met with in commercial 
zinc are iron, lead, arsenic, and antimony; and these 
affect the quality of the metal very considerably. Thus 
the presence of only ^ per cent of lead renders zinc so 
brittle that it cannot be rolled. 

The melting point of zinc is 415° C, and it boils at a 
temperature of a little over 1000° C. Its electrical con- 
ductivity is 28*1, taking silver as 100. 

Action of Oxygen and of Acids upon Zinc. 
When exposed to moist air zinc becomes covered with 
a layer of oxide, which then preserves the metal beneath 
from further oxidation. Commercial zinc is readily 
attacked by dilute hydrochloric and sulphiuic acids; jwre 
zinc is, however, only slowly acted upon by these acids. 
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In contact with air or oxygen zinc oxidizes easily at a 
red heat, forming the oxide of zinc, ZnO. 

Reduction of Oxide of Zinc by Carbon. Oxide 
of zinc (ZnO) can only be completely reduced to metallic 
zinc by carbon when the latter is in sufficient quantity 
to decompose all the carbon dioxide which is formed, so 
that only carbonic oxide is produced. 

The following equation illustrates the action of carbon 
on zinc oxide: — 

ZnO + C = Zn + CO 

Zinc oxide and Carbon produce Zinc and Carbonic oxide. 

Reduction of Oxide of Zinc by Carbonic 
Oxide. Carbonic oxide is a powerful reducing agent, 
and readily reduces zinc oxide, thus : — 

ZnO + CO = Zn + CO^ 

Zinc oxide and Carbonic oxide produce Zinc and Carbon dioxide. 

But in actual working the reduction of the zinc oxide 
is not complete because carbon dioxide is present; this 
latter compound (being an oxidizing agent) partly re- 
oxidizes the metallic zinc, and thus to some extent neu- 
tralizes the action of the carbonic oxide. 

Reduction of Oxide of Zinc by Hydrogen. 
Hydi'ogen gas reduces zinc oxide to the metallic state, 
water being formed at the same time. But the water is 
decomposed at a red heat by the reduced zinc, and hydro- 
gen and zinc oxide are then again produced. Thus : — 

(a) ZnO -t- Ho = Zn + HgO 

Zinc oxide and Hydrogen produce Zinc and Water. 

{h)Zn + H,0 = ZnO + H, 

Zinc and Water when heated produce Zinc oxide and Hydrogen. 

The second equation (b) shows that if the water vapour 
(HgO) be allowed to remain in contact with the reduced 
zinc, part of the zinc will be oxidized and will be thus 
converted into zinc oxide once more. But by passing 
a brisk stream of hydrogen gas over the heated zinc 
oxide, the water vapour produced (as in equation a) by 
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the reduction of the oxide is conveyed away almost as 
fast as it is formed, and in consequence very complete 
reduction of the metallic oxide takes place. 

Sulphide of Zinc heated with access of Air. 

Zinc combines with sulphur, forming zinc sulphide, ZnS. 
On heating finely divided sulphide of zinc in contact 
with air, sulphur dioxide is given off and both the oxide 
and the sulphate of zinc are formed. It is very difficult 
to effect the complete decomposition of the sulphide of 
zinc. 

a.) 2ZnS + 70 = ZnSO^ + ZnO + SOg 

'otz^f «-^ Oxygen pro^.^ J^^l^ and ^ an, Sj^Pj- 

And then, when the temperature is raised, the sulphide 
and the sulphate react upon one another as follows : — 

(II.) ZnSO^ + ZnS + 03= 2ZnO + 2SO2 

sufpS^te -^ 'of ^f <^^ Oxygen produce 0^^ ^^ -^ IToS 

Ores of Zinc. Zinc does not occur in nature in the 
uncombined state. 

The principal ores of zinc are the sulphide, the car- 
bonate, and the silicate. Many other minerals containing 
zinc are known, but the extraction of that metal from 
the associated gangue is attended with too many diffi- 
culties to render them of much commercial value. 

Physical Characters and Chemical Composi- 
tion of the Ores of Zinc. 

(1) The mineral commonly known as Blende or "Black 
Jack " is sulphide of zinc, ZnS. It occurs both massive 
and crystalline, the massive form being the most useful 
ore. It possesses a brown to black colour, due to the 
iron which it contains, and has a resinous lustre. Blende 
occurs in beds and veins associated with pyrites and 
galena, from which it is separated by mechanical dress- 
ing. When pure, blende contains 67 per cent of zinc 
and 33 per cent of sulphur, some varieties, however, con- 

Digitized by L^OOQ IC 



ZINC OR SPELTER. 187 

taining as much as 5 per cent of cadmium. It occurs in 
Cornwall, Wales, and Alston Moor, and is indeed very 
widely distributed. 

(2) Calamine, or zinc carbonate, ZnCOg, contains 52 
per cent of zinc. It is usually yellow or brown in colour, 
with a vitreous lustre, and forms rounded masses. Cala- 
mine is one of the best ores of zinc, requiring less fuel 
for its reduction than blende. It occurs in Derbyshire, 
Sardinia, and near Santander in Spain. 

(3) Willemite, or Silicate of zinc, Zn2Si04, contains 58*1 
per cent of zinc, and is often found associated with an- 
other silicate of zinc termed electric calamine, ZugSiO^ + 
HgO, which yields 53*7 per cent of zinc. These ores are 
valuable when in sufficient quantity, and are found in 
New Jersey, U.S.A., and at Altenberg. 

(4) Zincite, or zinc oxide, ZnO, contains 80*25 per 
cent of zinc and 19 '75 per cent of oxygen. It occurs 
intimately associated with Franklinite and Willemite at 
Franklin, New Jersey. 

Methods of Extracting Zinc. Zinc is extracted 
from its ores by simple distillation processes; and all 
improvements of recent years in the direction of zinc 
smelting have simply been in the methods of firing, the 
shape of the muffles, &c. 

Blende is the ore of zinc most commonly employed; and 
this is first roasted at a strong heat in a reverberatory 
furnace to convert it into zinc oxide; which is then 
reduced to metallic zinc by means of carbon and carbonic 
oxide. The methods used for smelting the calcined 
sulphide and other ores of zinc are : — 

1. English process. 

2. Silesian process. 

3. Belgian process. 

4. A mixed Belgian and Silesian process. 

I. English Process for the Production of Zinc. 
This is a rather costly method of extracting zinc from 
its ores; 25 per cent less zinc being obtained than by the 
other processes named above. 
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The furnace is octagonal in plan, and about forty feet 
high ; a fireplace, A, runs down the centre of the furnace, 
on either side of which is a series of Stourbridge fire-clay 
crucibles, B, each crucible being 4 feet high and 2 feet 

6 inches wide at the 
top (see fig. 57). 
The base of each 
crucible is perfor- 
ated, each hole or 
perforation having 
attached to it a 
short cast-iron tube, 
c. Calcined blende 
is mixed with fine- 
ly-divided coke or 
coal-dust and is 
charged into the 
crucibles, and a hd 
is luted on to each 
crucible. The tem- 
perature is now 
raised, and before 
long brown fumes 
emerge from the 
cast-iron pipes; 
these are due to the 
cadmium contained 
in the zina When 
these brown fumes 
cease to be evolved, 
a sheet-iron tube, D, 

Pig. 67.— Ensrlish Zinc Furnace, a, Fire-grate, b, Oru- is attached tO thc 
cible. c. Short caat-iron tube, d, Sheet-iron tube. *° a.oyaA.u^vx ia^ 

end of each of the 
cast-iron pipes, and the zinc fumes are thereby conveyed 
to a cool iron receiver where they are condensed. At 
intervals, an iron rod is pushed up the sheet-iron tube 
to prevent it from being stopped up by the condensed 
zinc. From 22 to 27 tons of ore are required to pro- 
duce 1 ton of zinc. 
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Roasting or Calcination of the Blende. Up to 

a few years ago, it was the custom to calcine the crushed 
and washed blende in flat single-bedded reverbemtory 
furnaces of the ordinary type. Now, however, these 
calciners are made with one bed over the other, so that 
the roasting takes place in double-bedded reverberatory 
furnaces. These furnaces are built about 10 feet long 
and 6 feet broad; and, instead of coal being used as fuel, 
the waste heat from the reduction furnaces is utiKzed. 
The method of roasting is then as follows : — On to the top 
bed of the furnace a charge of from 5 to 8 cwts. of blende 
is placed, and raked evenly over the hearth. This is 
roasted for 12 hours, and is then raked through a hole in 
the top bed on to the bottom bed of the furnace; its place 
being taken by a fresh charge of blende. While lying 
upon the lower bed the zinc ore is exposed for another 
12 hours to a stronger heat, the mass being stirred at 
intervals. It is then raked out from the bottom bed of 
the furnace and transferred to the smelting furnaces; its 
place being now taken by the ore on the upper bed. 
The ore may thus be said to undergo two roastings before 
it is completely calcined. The calcined zinc ore is then 
mixed with some form of carbon and distilled in some 
form of furnace as described above. 

n. Silesian Process for Zinc. The chief difference 
between the Silesian and the Belgian processes is in the 
shape of the retorts. In the Belgian method the retorts 
are supported only at their two ends (see fig. 60) ; but in 
the Silesian process they are supported throughout their 
entire length (see fig. 59). 

The loss of zinc in this process is about 9 per cent of 
the quantity contained in the ore; being greater than in 
the Belgian process. The Silesian process is very suitable 
for smelting poor ores; especially ores containing lead, 
which yield fusible slags. 

From 53 to 65 lbs. of calcined ore, 23 lbs. of powdered 
coal, 6 lbs. of zinc residues, and 9 lbs. of coke, are mixed 
together and charged into the retorts; heat is supplied 
to the furnace by burning coke (or more usually gaseous 
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fuel), a regenerative furnace being attached to utilize the 
heat of the waste gases. Any cadmium which may be 
present in the zinc ores is first evolved as brown fumes 
(the so-called " brown blaze " of the smelter), and may be 
condensed and collected. The zinc subsequently distils 
over, the vapour passing into cool condensers, upon whose 
sides it settles down in stalactitic metallic masses. This 
deposit is afterwards remelted in a separate furnace. 

Retorts and appendages employed. The re- 
torts employed in tne Silesian process are q -shaped in 




Fig. 68.— Retorts for Silenan Zinc Furnace, r, retort. ▲, Movable part of noizle. 
B, Cast-iron tube, c, Sheet-iron tube. 

section; being 3 to 4 feet long, 1 foot 6 inches high, and 
8 inches wide. They are composed of a mixture of equal 
parts of fire-clay and old retorts ground to a powder; in 
England, Stourbridge clay is largely used for the manu- 
facture of these retorts. 

At one end of the retort near the top is an opening, 
attached to which is a fire-clay pipe or nozzle, making 
an angle of 45 degrees downwards with the retort (see 
fig. 58). The side of the nozzle, A, away from the retort 
is movable; so that the smelter is able to watch the pro- 
gress of the distillation. Attached to the end of the fire- 
clay nozzle is a vertical cast-iron tube, B; to which is again 
attached a tube of sheet-iron, c, in which most of the zinc 
condenses. 

Description of the Silesian Furnace. A Silesian 
furnace differs materially in form from a Belgian furnace, 
for in the former the muffles or retorts used are sup- 
ported throughout their entire length in the furnace, and 
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not only at the ends as in the Belgian furnace. The 
Silesian furnace partakes of the nature of a reverberatory 
furnace, having an arched roof (see fig. 59). Into the 
sides of the furnace are fitted some 30 or 40 Silesian 
retorts, A. These rest side by side on the horizontal bed, 
B, of the furnace. Sometimes, however, instead of being 
arranged in a single row down each side of the rever- 
beratory furnace 
they are arranged 
in a double row, 
one above the other ; 
but this plan is not 
often adopted in 
this country. 

Melting of Dis- 
tilled Zinc. The 
distilled zinc is re- 
moved from the con- 
densers and melted 
in a small furnace; 
if it contains much 
lead it is then 
poured into moulds 

Hoo-rkOT* a-t- e\rtA anA Fig. 69.— SileRlan Zinc Fnrnaoe. a, Silesian cradbles. 
aeeper at one ena b, Bed of furnace, c, Regenerator. 

than the other. 

The alloy of lead and zinc, when cooled slowly, separates 
completely, the lead being found in the deeper part of 
the mould, with the zinc above it. 

In large works the crude zinc is melted in reverbera- 
tory furnaces in masses of 20 or 30 tons at a time; and is 
frequently kept in the molten state for 2 or 3 days to ensure 
the complete separation of the lead. Any sulphur and iron 
which may be present, then combine to form iron sulphide ; 
which separates out from the molten zinc on solidifying. 

III. Belgian Process for the Extraction of Zinc. 
This process is suitable for zinc ores which contain 
pyrite& It is the process commonly employed in this 
country for the extraction of zinc from its ores. The 
calcined blende is mixed with anthracite and shovelled 
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into cylindrical retorts, to one end of which condensing 
receivers are attached to collect the zinc fume. 

The retorts are arranged in tiers, each furnace con- 
taining about sixty retorts. 

These retorts are placed in an inclined position in the 



Fig. 60.— Retorts for Belgian Zinc Furnace. 7, Cylindrical retorts, n, Fii»«laar nonles. 
t. Sheet-iron tubes. 

furnace, the back of each retort being higher than the front 
The calcined ore is first stamped to a powder, and is 
then again roasted in double-bedded reverberatory fur- 
naces, whereby the amount of sulphur present in the 
ore is brought down to about 1 per cent. It is then 
mixed with from one-third to one-half of its weight of 
powdered anthracite, and about 25 lbs. of the mixture 
are placed in each retort. The heated carbon combines 
with the oxygen of the zinc oxide, producing carbonic 
oxide which burns at the mouth of the fire-clay nozzles 
with a pale-blue flame. This flame afterwards changes 
to green, owing to the actual burning of some of the zinc; 
when this is observed, the sheet-iron tubes are attached 
in order to condense the issuing zinc vapours. 

Retorts and Appendages used in the Belgian 
Process. The cylindrical retorts, /, are 3 feet 6 inches 
long, and 8 inches in diameter (see fig. 60) ; they are com- 
posed of fire-clay, mixed with powdered coke, ground- 
up retorts, and sand, in the following proportions: — 
Fresh fire-clay 30 parts. 



Baked fire-clay, 

Coke, 

Old retorts, 

Sand, 



27 
18 
15 
10 
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Care must be taken that the clay does not contain 
pyrites, or this will burn out and render the retorts 
porous. There- .j, 

torts are dried 
for two months, 
but are not an- 
nealed before 
using them. 

To the open 
end of each re- 
tort (fig. 60) is 
attached a fire- 
clay nozzle, w, 12 
inches long, in 
which most of 
the zinc con- 
denses; and to 
the end of this 
nozzle is fixed a 
sheet-iron tube, 
t, for condens- 
ing the "fume", 
which consists 
of a mixture of 
zinc oxide and 
powdery zinc. 

Each retort 
lasts for from 
15 to 20 days; 
and for every 
78 tons of ingot 
zinc, 4 or 5 tons 
of powdery zinc 

oxide are ob- rig. ei— Belgian Furnace, o. Ash-pit. c, Fireplace 

, . , grate, e, Flues for hot air. t. Chimney. 

tamed. 

Description of the Belgian furnace. The fuinace 
in which the cylindrical fire-clay retorts used in the 
Belgian system of smelting zinc ores are placed, has the 
form of an arched recess, above which are the flues com- 

(084) N 
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municating with the chimney ; and below is the fireplace, 
c (see fig. 61). Such a recess is usually made to hold 
about 50 retorts; these being supported by the masonry 
of the furnace at their extremities only. The middle 
portion, therefore, of each retort is exposed directly to 
the action of the fire and the heated gases therefrom. 
In practice, it is usual to build four of these Belgian 
furnaces together, one on each side of a rectangular mass 
of brickwork. 

Nature and Composition of Brass. Zinc .and 
copper unite in all proportions, forming the alloy called 
brass. 

Brass is malleable and ductile, and possesses a fibrous 
stnicture, an alloy of equal parts of zinc and copper 
being extremely fibrous. The colour of brass varies with 
the proportions of the two metals of which it is composed, 
approaching white as the amount of zinc is increased, 
and red as the copper is increased. 

Brass may be deposited by an electric current from a 
mixed solution of copper and zinc. When exposed to 
continued vibration, brass becomes very brittle. On re- 
melting brass some of the zinc always volatilizes and is 
lost; more zinc has therefore to be added to compensate 
for this. Brass soon tarnishes when exposed to moist 
air; it melts at a lower temperature than copper, and is 
very suitable for castings and for engraving upon. The 
specific gravity of brass varies from 7*5 to 10. 

Physical Properties of various Alloys of Cop- 
per and Zinc. Many alloys of copper and zinc are 
employed in the arts, all of which differ slightly in their 
physical properties. 

A brass consisting of 10 parts of copper and 1 part of 
zinc has a reddish-yellow colour, but when these metals 
are in the proportion of 2 parts of copper to 1 part of 
zinc the resulting alloy is full yellow in colour. 

An extremely malleable alloy is made by melting to- 
gether 60 parts of copper and 40 parts of zinc. 

Pinchbeck consists of 75 parts of copper and 25 parts 
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of zinc, and is not altered in density by working, or by 
either slow or rapid cooling after heating. 

Sterro-metal is exceedingly tough and has enormous 
tenacity, having a great ppwer of resistance. It con- 
tains — 

Copper, 55 to 60 per cent. 

Zinc, 39 „ 40 „ 

Iron, 1*7 „ 3 „ 

Tin, 0-8 „ 2 „ 

Montz's Metal This alloy is much used for the 
sheathing of ships. Its composition is as follows: — 
Copper, 60 parts; zinc, 40 parts; and lead, 2 parts. The 
lead does not appear to be an essential constituent. 

In the production of Muntz's metal the copper is 
melted on the bed of a reverberatory furnace, the zinc 
being melted in a separate pot at one end of the furnace. 
When both are ready, the zinc is ladled into a receptacle 
in front of the furnace and the copper is run into it. 
The alloy is finally poured into iron moulds lined ^vith 
clay. 



CHAPTER XX. 

LEAD AS A METAL: ITS COMPOUNDS WITH SULPHUR 
AND WITH OXYGEN. 

Lead as a Metal. The history of this very familiar 
metal dates back at least to the occupation of this country 
by the Eomans (b.c. 55 to a.d. 110); for old lead work- 
ings are found in several parts of Britain from which lead 
was extracted by them during their sojourn here. To 
this Latin race or people lead was known by the name 
of ^^ Flumbum*\ and its symbol Pb is derived from this 
Latin word. 

Lead has very wide uses in commerce, the most im- 
portant being for making pipes, and the solid rods from 
which bullets are made. It is not usual now to cast 
these pipes and rods, as was previously done, but rather 



Digitized by L^OOQ IC 



196 ELEMBNTARY METALLURGY. 

to make them by means of what is known as "squirting". 
In this operation the lead is first melted and then allowed 
to very nearly solidify. When in this pasty condition 
the metal is forced through a hole by hydraulic pressure, 
the diameter of the hole being equal to that of the piping 
or rod requii*ed. 

Physical Properties of Lead. Perfectly pure 
lead is destitute of crystalline structure when cast in 
moulds, but when allowed to flow away from a partially 
solidified mass of the metal the latter crystallizes in octa- 
hedra. Lead melts at a temperature of 325° C. When 
fractured at a temperature near to its melting point it 
presents a columnar structure. Its specific gravity is 
11*37, and its density is slightly increased by rolling. 
Its electrical conductivity is low, being 7*7 at 17° C, 
silver being taken as 100. When freshly cut, lead has a 
bluish-gray colour and silvery metallic lustre. Lead is 
so soft that it can be readily cut with a knife and deeply 
scratched even with the finger-nail. It is malleable and 
ductile, and possesses but little tenacity, this last property 
depending partly upon the temperature to which the 
metal is subjected and partly on the duration of the 
stress or extending force. Its resistance to fracture by 
twisting or torsion is y\^th that of wrought-iron. Two 
pieces of clean lead can be welded together even when 
cold. 

Lead decomposes boiling water, and is insoluble in 
commercial sulphuric acid; it is readily dissolved, how- 
ever, by nitric acid. The presence of a small quantity 
of arsenic increases the hardness of lead. 

Action of Heat upon Lead. Lead melts at from 
326° to 334" C. according to its purity, and vaporizes or 
volatilizes into the air, the volatflization being aided by 
oxidation. 

On roasting lead in air, the metal combines with oxygen, 
forming lead oxide or litharge, PbO, which floats upon 
the surface of the molten lead, forming a scum which 
increases in thickness as the roasting is continued. 

Heat considerably lessens the tenacity of lead. 
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Autogenous Soldering. When two sheets of lead 
are joined together by melting the metal forming their 
overlapping ^ges (thus causing them to form one con- 
tinuous sheet), they are said to be "autogenously" sol- 
dered together. 

The sheets of lead forming the casing of sulphuric acid 
chambers, for example, are always autogenously soldered, 
since if ordinary solder were used it would soon be cor- 
roded by the acid. In this case the edge of one sheet of 
lead is laid about 2 inches over the edge of another sheet, 
and the oxyhydrogen flame is run along the overlap. The 
two edges of metal then fuse together, forming a joint 
thicker and consequently stronger than the remainder of 
the leaden sheet. 

Action of Air upon Lead. When freshly cut lead 
is exposed to the air it rapidly tarnishes, becoming 
covered with a layer or film of oxide of lead. This film 
of lead oxide acts as a protective coating, preventing any 
further action of the air upon the lead. Only moist air 
is able to thus convert lead into lead oxide, pure dry air 
having no action upon a bright surface of the metal. 

Action of Water upon Lead. Pure water has no 
action upon lead. But water containing dissolved air 
attacks lead; the oxygen of the air combining with the 
lead and forming lead oxide, which is at once dissolved 
by the water, lead hydroxide being then produced. The 
presence of chlorides and of ammonium salts in the 
water assists in this dissolving of the lead oxide. The 
presence of sulphates or carbonates in the water, how- 
ever, retards the corrosive action, as they soon form an 
insoluble coating of lead sulphate or lead carbonate on 
the surface of the metal, which coating then protects 
the metal from further action. 

The use of lead pipes (which is almost universal) for 
conveying potable waters depends on the fact that these 
waters almost invariably contain calcium carbonate and 
calcium sulphate (lime salts). These two substances 
rapidly combine with the clean interior surface of the 
lead piping, and produce an insoluble coating of lead 
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sulphate and lead carbonate, which then protects the 
lead from any further action of the water. 

Protoxide of Lead. The protoxide of lead (PbO) 
is obtained by roasting lead in air. When first formed 
after the fusion of the lead it is termed massicot^ the 
term litharge being reserved for the same compound 
formed when the heat is raised so as to cause the massi- 
cot itself to melt. 

Molten litharge when cooled slowly becomes red in 
colour; but when cooled quickly it assumes a yellow 
colour. It crystallizes in thin hexagonal scales, and 
volatilizes below a white heat. When heated to 300° C. 
in air, litharge combines with more oxygen, and is con- 
verted into the red oxide, Pb304, thus: — 

3PbO -h - PbgO^ 

Litharge and Oxygen produce Red Oxide of Lead or Red Lead. 

Litharge is easily reduced to metallic lead by such 
reducing agents as carbon, carbonic oxide, hydrogen, and 
cyanogen (ON). Even at a temperature of 100° C. the 
protoxide of lead (litharge) is reduced by carbonic oxide. 
This protoxide or monoxide of lead is only sb'ghtly 
soluble in water; it is, however, readily acted upon by 
acids and by caustic alkalies. 

MODE OF FORMATION OF PROTOXIDE OF LEAD BY 
DRY METHODS. 

Massicot. The variety of lead protoxide known as 
" massicot " is prepared by exposing molten lead to the 
oxidizing action of the air at a moderate temperature. 
The lead is then said to be "drossed", and the furnace 
in which the operation is conducted is called a " drossing 
furnace" or "oven". Such an oven is simply a rever- 
beratory furnace about 11 feet long and some 9 feet 
broad, having a hearth sloping from back to front and 
also to some extent from each side toward the centre. 
The oven is provided with three doors, the larger and 
central one serving for the introduction of the charee 
and rabble, the other two doors being for the fuel (coal). 
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A ton and a half of pig-lead is laid on the bed of the 
oven, and the temperature is then raised to the required 
point. The lead, as it melts, runs down the sloping 
hearth and collects in a pool near the front of the fur- 
nace, ovdng to its passage being there blocked by a dam. 
The temperature is now increased till the molten metal 
assumes a dull red heat, when a rabble is introduced and 
the mass is well stirred. Oxidation then rapidly ensues, 
and the lead oxide or massicot is pushed up the slope of 
the hearth as fast as it forms. A period of about 24 
hours is generally sufficient to oxidize all the lead. The 
massicot is then raked out of the oven and allowed to 
cool. It is now ground to powder in water, and con- 
ducted by the aid of running water into tanks, where it 
settles and is collected. The concluding operation is to 
dry the massicot, which is done in a reverberatory fur- 
nace at a low temperature. 

Litharge. For the production of this form of the 
protoxide of lead a high temperature is required, as it 
is only formed by melting the lead oxide itself. A full 
red heat is sufficient to do this, and on this account 
htharge is usually made in a cupellation furnace. The 
litharge then formed is treated in the same manner as 
massicot; the molten oxide being first run off and 
allowed to cool, then powdered, and carried by a stream 
of water into settling tanks, out of which it is collected 
and dried in the same way as before. 

Action of Carbon upon Protoxide of Lead. 
Carbon acts as an ordinary reducing agent when heated 
to a moderately low temperature along with either massi- 
cot or litharge. That is to say, the carbon abstracts the 
oxygen from the lead oxide (so leaving the lead in the 
metallic state), and combines with it to form carbon 
dioxide, thus: — 

2PbO + C = Pbg + CO2 

Massicot or Litharge and Carbon produce Lead and Carbon Dioxide. 

Fusibility of Metallic Oxides. Many metallic 
oxides are very infusible, requiring a high temperature 
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before passing into the liquid state. If, however, these 
oxides are fused with protoxide of lead, their melting 
points are lowered and they are readily fusible. Differwit 
metallic oxides require different amounts of lead oxide to 
effect this fusion. Thus: — 



1 part 


of Cuprous oxide 
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parts 
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The oxide of arsenic (AS2O3), when added to fused 
protoxide of lead, produces so fluid a compound that 
when dropped upon a stone slab it breaks up into 
minute globules, which roll away in the same manner 
that mercury does when allowed to fall. 

Red Lead. "Eed lead", or minium {¥hfi^\ is another 
of the oxides of lead. It is red in colour, and is obtained 
by the action of air on litharge at a red heat, or about 
300^0., thus:— 

3PbO + = PbaO^ 

Litharge ajid Oxygen produce Red Lead. 

At a higher temperature the red lead is decomposed, 
losing oxygen, and is then reconverted into litharga 

TMs red oxide of lead is also produced when lead is 
heated to a dull red heat along with alkaline lead nitrate. 

The preparation of red lead is effected in a small 
reverberatory furnace, having a fireplace on each side; 
the bed of this furnace is slightly concave. 

The lead to be used must be free from impurities, 
especially copper;. about one ton of this lead is placed in 
the furnace and exposed to an oxidizing atmosphere. The 
lead melts and combines with oxygen, producing massicot, 
PbO; this latter substance forms a scum upon the sur- 
face of the molten metal, and is scraped off as fast as it 
forms. A fresh surface of lead is thus always exposed 
to the air, and the oxidation being continued the whole 
of the metal is converted into massicot in about 24 hours. 
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When cold the massicot is moistened with water and 
ground to a powder. Finally it is washed and conveyed 
by a stream of water into settling tanks. 

The massicot has now to be converted into red lead. 
For this purpose the dried massicot is spread upon the 
bed of a reverberatory furnace, and is heated to a tem- 
perature of 300° C. for two days. The atmosphere of 
the furnace is an oxidizing one, and the lead monoxide 
rapidly combines with oxygen, forming the higher oxide 
(PbgO^):- 

3PbO +0 = Pb304 

Massicot and Oxygen produce Red Lead. 

The massicot is frequently stirred, and is at last all 
converted into a red powder. The furnace is then 
closed and the red lead allowed to cool slowly. When 
cool the red lead is ground up, washed with water, and 
passed between rollers; it is then ready for use. 

The principal impurities in commercial red lead are 
brick-dust and red ferric oxide, which are added as adul- 
terants. Red lead is easily reduced when heated with 
carbon, thus: — 

PbgO^ + C2 = 2CO2 -h 3Pb 

Red Lead and Carbon produce Carbon Dioxide and Lead. 

Owing to the readiness with which red lead gives up 
its oxygen, it acts as a strong oxidizing agent. 

When red lead is dissolved in nitric acid, a brown- 
coloured powder remains behind. This consists of the 
dioxide of lead or " puce powder " (PbOg). 

Action of Heat and Air upon Sulphide of 
Lead. On heating sulphide of lead in contact with air, 
a portion of it is converted into lead oxide and another 
portion into lead sulphate. This is shown in the follow- 
ing equations, thus : — 

2PbS + 3O2 = 2SO2 + 2PbO 

Lead Sulphide and Oxygen produce Sulphur Dioxide and Lead Oxide. 

And 

PbS + 2O2 = PbSO^ 

Lead Sulphide and Oxygen prodtice Lead Sulphate. 
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A mixture of lead sulphide, lead oxide, and lead 
sulphate is thus formed. If the heating be continued 
these three substances react upon one another, with as a 
result the production of metallic lead and sulphur dioxide 
gas. Thus : — 

PbS + 2PbO = SO. + 3Pb 

Lead Sulphide and Lead Oxide produce Sulphur Dioxide and Lead 

And 
PbS + PbSO^ = 2S0-J + 2Pb 

Lead Sulphide and Lead Sulphate produce Sulphur Dioxide and Lead. 

Action of Iron when heated with Sulphide of 
Lead. When iron is heated with sulphide of lead, 
reduction of the sulphide takes place, and metallic lead 
is formed together with sulphide of iron : — 

PbS + Fe = FeS + Pb 

Lead Sulphide and Iron produce Iron Sulpliide and Lead. 

Action of Metallic Lead on Sulphide of Silver. 

Silver and lead have a great affinity for each other, and 
for this reason many of the processes employed for the 
extraction of silver from silver ores depend upon the 
readiness with which silver combines or alloys with lead. 
When metallic lead is heated with sulphide of silver the 
whole of the silver passes into and alloys with the lead. 
Combination of Sulphide of Lead with other 
Sulphides. Sulphide oi lead forms definite chemical 
compounds with other sulphides, some of which are of 
commercial importance. Many of these complex sul- 
phides occur in the natural state; thus a very productive 
silver ore termed Freislebenite consists of silver sulphide, 
lead sulphide, and antimony sulphide; and its chemical 
composition may be represented by the formxila 

3Ag2S.4PbS.3Sb2S3. 

Compounds consisting of sulphide of lead combined 
with the sulphides of arsenic, copper, and bismuth are 
also well known. 
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Sulphate of Lead (PbSO^). This compound con- 
tains 68*32 per cent of lead, 10*56 per cent of sulphur, 
and 21*12 per cent of oxygen. It occurs in the native 
state forming the mineral termed anglesite. 

Sulphate of lead may be prepared by adding sulphuric 
acid to a solution of lead nitrate. It is insoluble in 
water, but is completely soluble in a solution of caustic 
potash. When heated with hydrochloric acid it is con- 
verted into chloride of lead. If sulphide of lead is 
roasted at a low temperature in contact with air, it is 
converted into sulphate of lead : thus : — 

PbS 4- 2O2 = PbS04 

sJlpMde ^'^^ Oxygen prodMce g^J^ate. 

Action of Carbon on Sulphate of Lead. On 

heating sulphate of lead with carbon chemical reactions 
ensue, which take place in two stages. At a dull red 
heat part of the sulphate of lead is converted into sul- 
phide of lead : thus : — 

PbSO^ -h 2C = PbS + 2CO2 

If the temperature is now raised the sulphide of 
lead and the remaining sulphate of lead react upon one 
another, producing finally metallic lead and sulphur 
dioxide : — 

PbS -h PbSO^ = 2Pb 4- 2S0, 

Lead Sulphide and Lead Sulphate produce Lead and Sulphur Dioxide. 

Action of Iron on Sulphate of Lead. When 
heated in contact with iron, sulphate of lead is completely 
reduced to metallic lead, the iron acting the part of a 
reducing agent. A dark pasty slag is also formed. 

Action of Lead on Sulphate of Lead. The 
following equation illustrates what takes place when 
lead and sulphate of lead are heated together: — 

PbSO. + Pb = 2PbO 4- SOa 

Lead Sulphate and Lead produce Lead Oxide and Sulphur Dioxide. 
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It will be seen that oxide of lead and sulphur dioxide 
are produced. 

Action of Protoxide of Lead on Sulphate of 
Lead. When heated along with protoxide of lead 
sulphate of lead becomes very fusible, flowing like water 
when the temperature is raised to a white heat. The 
yellow crystalline substance formed by the chemical 
union of the sulphate and the protoxide of lead is 
termed a basic sulphate of lead. 

Action of Sulphide of Lead on Sulphate of 
Lead. Sulphide and sulphate of lead react upon one 
another when heated together. The following two equa- 
tions represent what takes place : — 

2PbS04+ 2PbS = 2PbO+ Pb+ PbS + 380, 

I^ad _«j Lead *^«j«^^ Lead ««^ t *»«,i ««/» Lead _„. Sulphur 
Sulphate *~^ Sulphide ^^^^^ Oxide ^"^ ^^ ^"^ Sulphide ^'^ Dioiide. 

Only a very little metallic lead is formed, the lead 
sulphide being only partly reduced to lead oxide. K 
the temperature is now raised, the lead oxide and the 
lead sulphide react upon one another, with the produc- 
tion of more metallic lead and sulphur dioxide : thus :— 

PbS 4- 2PbO = 3Pb + SO^ 

Lead Sulphide cmd Lead Oxide pt^oduce Lead and Sulphur Dioxide. 



CHAPTER XXI. 

ALLOYS OP LEAD: ORES OF LEAD: EXTRACTION OF 
SILVER FROM LEAD 

Alloys of Lead. The most important alloys of lead 
are those containing tin. Lead imparts the properties of 
hardness and tenacity to tin. When the lead-tin alloys 
are formed there is in some cases a diminution in volume, 
and in other cases an increase in volume. Lead which 
contains 4 to 5 per cent of tin smoulders away like wood 
when heated. 

The chief alloys of lead and tin are: — 1. Solder, con- 
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sisting either of 66 per cent of lead and 33 per cent of 
tin; or of 20 per cent of lead and 80 per cent of tin. 

2. Pewter contains 80 per cent of tin and 20 per cent 
of lead. 

3. Fusible Metal; this contains bismuth in addition 
to lead and tin; bismuth always adding considerably to 
the fusibility of alloys. An alloy containing 8 parts of 
bismuth, 5 parts of lead, and 3 parts of tin melts in boil- 
ing water (100° C). An alloy containing 5 parts of bis- 
muth, and 1 part each of lead and tin, melts at a tem- 
perature of 93° C. 

4. Type Metal contains antimony, which gives hardness 
to the alloy. It has the following composition: — Lead 
50 per cent, tin 25 per cent, antimony 25 per cent. 

Arsenic adds greatly to the fusibility of lead, and this 
lead-arsenic alloy is used for making shot. 

Lead and platinum constitute a readily fusible alloy, 
equal parts of each metal forming a crystalline mass. 
For this reason lead salts should never be heated in 
platinum crucibles. 

An alloy used for axle-bearings, and termed "hard 
lead", contains 62*6 per cent of lead, 20 per cent of zinc, 
11*3 per cent of tin, and G'l per cent of copper. 

Lead and Antimony. These two metals readily 
alloy with one another; and the presence of a minute 
quantity of the latter metal renders lead hard and brittle. 
Lead containing antimony is white in colour, and breaks 
with a finely fibro-granular, or even granular fracture. 

The following experiment illustrates this action of 
antimony on lead: — Weigh out 1500 grains of pure lead 
and melt it in a small crucible; add to it 0*8 per cent of 
antimony, this being effected by wrapping the required 
quantity of antimony in paper, attaching the paper to a 
stick, and plunging it into the molten lead. Pour the 
alloy into a mould. Heat the ingot thus obtained in the 
furnace to near its melting point, holding it with a pair 
of tongs. When just about to melt, withdraw the ingot 
and smartly tap the end of the tongs near the ingot upon 
a brick; the ingot then breaks, its fractured surface pre- 
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senting a finely granular-fibrous structure. If too much 
antimony is added the alloy becomes very hard and 
white in colour, its fracture being very finely granular. 

Perfectly pure lead is difficultly oxidizable; but the 
presence of only ^ ^q ^th part of antimony is sufficient to 
cause rapid oxidation. 

Lead and Arsenic readily combine. Arsenic very 
greatly increases the fusibility of lead, and also hardens 
that metal. The presence of small quantities of arsenic 
also causes lead to rapidly oxidize. 

Lead and Zinc do not easily alloy together. When 
these two metals are melted together, and the molten 
mixture allowed to cool slowly, a more or less complete 
separation of the metals takes place. The zinc, having a 
higher melting point and a less specific gravity than lead, 
solidifies first and forms a crust upon the surface of the 
still molten lead. 

Lead and Silver. Lead combines with metallic 
silver, and with silver compounds, to form alloys. Nearly 
all silver compounds when melted with litharge (PbO) 
are decomposed, yielding metallic silver which at once 
alloys with the lead. 

Many of the ores of lead, as galena and anglesite, 
contain some silver; the galena from the Isle of Man 
yielding from 20 to 60 ozs. of metallic silver to the ton 
of lead 

The Ores of Lead: their Physical Characters 
and Chemical Composition. The ores of lead are 
very numerous, and may be divided into oxides, sulphides, 
sulphates, and carbonates. Native lead is an extremely 
rare mineral, and has only been found in the province of 
Guanaxuato in Mexico. 

Oxides of Lbad. 

Minitiin, or red oxide of lead, PbgO^. This is the 
native red lead, containing 90*66 per cent of lead and 
9*34 per cent of oxygen. It is a rare ore, occurring in 
small quantities at the Snailbeach Mine in Shropshire. 
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Sulphides of Lead. 

Oalena, or lead sulphide, PbS, is by far the most im- 
portant ore of lead. When pure it contains 86*6 per 
cent of lead, and 13-4 per cent of sulphur; it usually 
contains silver, the amount varying from 19 dwts. up to 
200 and even 300 ozs. to the ton of ore; and on an 
average this silver itself contains i^gp ^th per cent of 
gold. 

Galena is found either massive or crystallized in cubical 
forms. Its specific gravity is 7*5; and it has a lead-gray 
colour with a very characteristic metallic lustre. 

It occui*s in veins and lodes in the carboniferous lime- 
stone at Alston Moor, and in Derbyshire; also at the 
Isle of Man, and at Holywell in North Wales; and in 
many foreign localities. 

Boumonite, or cog-wheel ore, is a sulphide of lead, 
antimony, and copper, CuPbSbSg; corresponding to lead 
42*38 per cent, copper 12*98 per cent, antimony 24*98 
per cent, and sulphur 19*66 per cent. It occurs in Corn- 
wall, Freiberg, and Mexico. 

Sulphates of Lead. 

Anglesite, PbSO^, is one of the products formed by 
the atmospheric oxidation of galena. It contains 68*32 
per cent of lead, and sometimes yields as much as 120 
ozs. of silver to the ton. Anglesite is white or yellowish- 
brown in colour, with a glassy or resinous lustre. Its 
specific gravity is 6*2. This ore is found at Leadhills in 
Scotland; in fennsylvania, and in Peru. 

Carbonates of Lead. 

Cemssite, PbCOg, when plentiful, is a very desirable 
ore, containing 77*54 per cent of lead; but it is not 
very argentiferous. It occurs both massive and crystal- 
line, and is of a dull opaque-white colour, with a specific 
gravity of 6*5. The chief localities for cemssite are 
Cornwall, and Leadville in Colorado, where it forms a 
deposit 80 feet thick. 
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Extraction of Silver from Lead. The desilveriza- 
tion of lead may be effected by three distinct methods : — 

1. By crystallization, as in the Pattinson process. 

2. By the addition of zinCy as in Parkes' process. 

3. By oxidation and subsequent removal of the lead, as 
in the German and English cupellation methods. 

Pattinson's Process for the Extraction of 
Silver from Argentiferous Lead. This process 
was devised by Mr. Pattinson in 1833. The process is 
founded on the difference in fusibility between lead and an 
alloy of lead and silver. On allowing an alloy of silver 
and lead, in which the lead largely preponderates, to cool 
slowly, the nearly pure lead crystallizes out first and may 
be removed, leaving a more fusible molten alloy behino, 
which is richer in silver than the original alloy. This 
melting and skimming of the alloy is repeated several 
times, the amount of silver increasing as more and more 
of the lead is removed. The concentration of the silver 
cannot, however, be carried beyond certain limits; an 
alloy containing 2 J per cent of silver solidifying at the 
same temperature as that at which lead melts; and for 
this reason it is not advisable to continue the concen- 
tration beyond the point when the alloy contains 1| per 
cent of silver. 

The crystals of lead which are removed are of course 
always purer than the molten mass which remains. 

Methods of Working in Pattinson's Process. 

The lead to be desilverized contains perhaps 7 or 8 ozs. of 
silver to the ton, and is placed in one of the middle pots 
of the "battery", say into pot No. 4 (fig. 62). When mol- 
ten it is well stirred, skimmed, and allowed to cool. The 
pure lead crystallizes out from the rich silver-lead alloy, 
the crystals being removed by a perforated ladle and 
transferred to the next pot. No. 5. The remaining rich 
molten alloy is conveyed to pot No. 3. As the holes in 
the ladle become clogged with crystals of lead, the ladle 
is frequently dipped into the small pots which are placed 
between every two large pots, and which contain molten 
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lead having a high temperature. The lead crystals are 
thus melted, and the holes in the ladle thereby cleared. 

To the lead that has been transferred to pot No. 5, 
126 cwts. of lead containing 4 ozs. of silver to the ton 
are added; this is melted, skimmed, and allowed to 



Fig. 68.— DeaUveruijig Lead by Pattinson s Process. (Only two large pots and 
two small pots are shown.) 

crystallize. The crystallized lead is removed to pot 
No. 6, and the remaining rich alloy to pot No. 4. This 
operation is repeated in all the pots, so that lead rich in 
silver is travelling step by step towards pot No. 1, while 
lead poor in silver is travelling in a similar manner 
towards pot No. 8 (see fig. 62). 

Argentiferous lead is added to each pot from time to 
time, so that the same quantity of molten alloy shall be 

(984) o 
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operated upon in each pot. The scum from the 
Nos. 1 to 4 is afterwards treated by itself; also the scum 
from the pots Nos. 5 to 8; and that from pots Nos. 9 to 16. 
Pot No. 1 may contain from 170 to 600 ozs. of silver to 
the ton; pot No. 8 only 1 oz. of silver to the ton; vrhile 
pot No. 16 usually contains not more than from 2 to 7 
dwts. of silver to the ton. 

The rich alloy accumulated in pot No. 1 is finally 
subjected to cupellation, whereby the lead is converted 
into litharge, leaving pure metallic silver. 

Description of the Apparatus used in Pattin- 
son's Process. The desilverization of lead by the 
Pattinson process is effected in cast-iron pots, each pot 
being provided with a separate flue and damper (see 
fig. 62). Between every two large pots is a small pot 
containing a small bath of lead having a higher tempera- 
ture than the silver-lead alloy contained in the large pots. 
The number and size of the large pots vary consider- 
ably, but they are usually sixteen in number, arranged 
in two batteries of eight pots each. In England these 
pots hold from 6| to 7 tons of lead apiece; the last pot, 
termed the "market pot", holding only 3 tons of lead. 
In the Hartz district the pots hold as much as 15 tons 
apiece. 

The pots last for about 500 crystallizations. The 
ladle is a hemispherical bowl, perforated with holes, and 
is about 18 inches in diameter. 0^ving to the unhealthi- 
ness consequent to the present method of conducting the 
operation, attempts to employ mechanical labour have 
been made. Instead of the molten alloy being stirred 
by hand, steam is forced into the molten metd, which 
not only agitates the mass but promotes crystallization 
and the consequent refining of the lead. 

Parkes' Process for the Extraction of Silver 
(by means of Zinc) from the Argentiferous Lead. 
This process depends upon the fact that silver has a 

freater affinity for zinc than for lead. Parkes (a well- 
nown Birmingham inventor) introduced this process in 
1859. 
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The argentiferous lead is melted in an iron pot, and 
skimmed; its temperature is then raised to the melting 
point of zinc, and from 1^ to 2 per cent of zinc is added, 
and the alloy vigorously and constantly stirred. The 
temperature is tien gradually lowered, and the zinc, 
which has a higher melting point than the lead, sepa- 
rates out as a solid cnist on the surface of the still molten 
lead, taking most of the silver and a little of the lead 
with it. These crusts are removed until the remaining 
lead shows but a low percentage of silver. They are 
then heated in cylindrical retorts resembling those em- 
ployed in the Belgian zinc process (see fig. 60), the re- 
torts being inclined from back to front. The retorts are 
heated to the melting point of lead, when that metal 
liquates out, leaving an alloy of zinc and silver behind. 
The zinc is then removed by distillation and condensed 
for future use, thus leaving metallic silver alone behind. 
English Process of Cupellation. The process of 
cupellation was known to the Greeks and Hebrews, and 
was described by Geber in the eighth century. 

In the English cupellation process only very rich and 
pure argentiferous lead is treated, the operation being 
conducted in two stages. In the first stage the concen- 
tration of the silver is continued till the lead contains 
about 8 per cent of the precious metal. In the second 
stage the silver is completely separated from the lead, 
the lead being converted into litharge. All cupellation 
processes have for their object the oxidation of base 
metals (which are then removed) by the aid of oxide of 
lead, and their consequent separation from the precious 
metals (gold and silver) which are not capable of being 
thus oxidized. 

Construction of Cupellation Furnace. This 
furnace is of the reverberatory type (see fig. 63). It 
consists of an oval frame of wrougnt-iron, which is some- 
times fixed, but in England is more usually rendered 
movable by being supported on a carriage. The longer 
axis of the oval frame is parallel to the fire-bridge, F, of 
the furnace, and upon the iron frame of the furnace is 
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constructed the "test" or bed, made of moistened bone-ash 
mixed with a little pearl-ash. This bed, c, is about 1 inch 
thick, and is termed the "cupel"; it is very porous, so 
that it is capable of absorbing the molten oxides of lead 



Tig 63.— English Cupellation Furnace, c. Test or "cupel", f, Fire-bridge. 
p, Fireplace. 

and of the other base metals which are formed during 
the process. 

A series of channels is made through the breast, B, or 
side of the test in order to remove the molten Htharge 
(see fig. 64). Each furnace is 
heated by a single fire, a fire- 
bridge separating the molten 
metal from the fireplace, P. 

A blast of air is admitted to 
the iurnace through a single 
twyer at one end of the "test". 
Mode of Conducting the 
Process of Cupellation. 
The "test" is heated to red- 
ness, and about 5J cwts. of ar- 
gentiferous lead are then placed 
upon the porous bed of the fur- 
nace, and melted down. The blast is then turned on, 
and oxidation of the lead and of any other oxidizable 
naetals which may be present begins. The oxidation con- 
tinues regularly, and the molten lead oxide or litharge is 
blown by the blast of air towards the breast of the 
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"test", where it flows through the channels and drops 
into a suitable receptacle. More argentiferous lead is 
added from time to time. 

The greater part of the lead is thus removed as litharge, 
leaving a rich alloy of silver and lead behind which may 
contain from 500 to 3000 ozs. of silver to the ton. 

This rich alloy is tapped out by drilling a hole through 
the bottom of the "test", and is cast into pigs. The 
hole is then plugged up with moistened bone-ash, and 
the whole process recommenced. 

The rich alloy so obtained is refined in another furnace, 
the whole of the lead being thus oxidized into litharge; 
the unoxidizable silver not being allowed to cool until 
the whole of the lead has been removed. The silver is 
then allowed to solidify. After the surface of the silver 
has become more or less solid it is seen to be thrown 
up into little protuberances or outgrowths, owing to the 
escape of occluded oxygen from the silver. This giving 
off of the oxygen is a sign of the purity of the silver; 
for if any base metals were present they would combine 
with the oxygen, and there could be no "spitting" or 
" vegetating of the silver. 

Finally, the cake of silver is removed from the fiu'nace, 
cut into suitable pieces, remelted in crucibles, and cast 
into bars. 

Nature of the Products of Cupellation. The 
silver obtained by the cupellation of argentiferous lead 
usually contains about 2 per cent of lead, and this is 
removed by cutting the metal into fragments and melting 
it slowly on a bone-ash test. The workman judges when 
the separation of the lead is complete by observing the 
reflection of the roof of the furnace on the molten bath 
of silver. Copper and antimony are frequent impurities 
met with in the silver. 

The litharge (PbO) varies in colour and purity with 
the temperatiu'e to which it has been subjected. Most 
of it contains a little silver, especially that which is 
absOTbed by the "test" towards the end of the operation. 
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CHAPTER XXII. 

EXTKACTION OF LEAD FROM ITS ORES: LITHARGE 
AND RED LEAD. 

Extraction of Lead from the Ore. The opera- 
tions by which lead is extracted from its ores vary in 
different countries, and each method has numerous, modi- 
fications according to the richness and nature of the 
ores to be treated. 

Classification of Processes, and General Che- 
mical Reactions in Lead - smelting. The metal- 
lurgical processes for smelting lead ores may be divided 
into : — 

1. Smelting in reverberatory furnaces. 

2. Smelting in blast-furnaces. 

Only ores rich in sulphide of lead (galena), and with a 
gangue consisting chiefly of carbonate of lime and but 
little blende or barytes, can be successfully treated by 
reverberatory methods. Ores poor in sulphide of lead, 
or containing much quartz or clay, can be profitably 
treated in blast-furnaces only. In England two distinct 
methods are used in reverberatory treatment. They 
are: — 

{a) Method of Beaction, in which the ore is converted 
into sulphide, oxide, and sulphate of lead, the chemical 
agent producing these changes being atmospheric air; the 
sulphide, oxide, and sulphate of lead afterwards reacting 
upon one another, and producing metallic lead. 

{h) Method of Eeductioii or Frecipitation, in which 
metallic iron is caused to combine with the sulphur of the 
lead ore, forming ferrous sulphide, metallic lead being 
liberated. 

METHOD OF REACTION. 

Flintshire Furnace for Lead Ores. When the 
method of reaction, or "air-reduction", is adopted for smelt- 
ing lead ores, it is usually conducted in a reverberatory 
furnace, of which the Flintshire furnace (fig. 65) is a type. 
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Only rich ores containing from 70 to 80 per cent of lead 
are treated, the metallic lead being produced directly 
from the ore. 

About 1 ton of galena is placed upon the upper part 
of the hearth of the furnace and roasted for two hours 
at a temperature below its melting point. The ore must 
be constantly rabbled to prevent clotting, and a uniform 
temperature must be maintained. The atmosphere of 
the furnace is an oxidizing one, which causes part of the 
sulphur to be re- 
moved as sulphur 
dioxide gas, leav- 
ing upon the hearth 
a mixture of lead 
sulphide, lead ox- 
ide, and lead sul- 
phate. 

After two hours 
the working doors 
are closed, the tem- 
perature is raised, 
and the charge 
melted; the sulphide, sulphate, and oxide of lead then 
react upon one another, producing metallic lead, which 
runs down to the lower part of the hearth, lea\dng a 
mixture of slag and unaltered ore behind. 

The slag is now stiffened by throwing lime upon it 
(the "setting-up" stage), roasted again for another hour, 
and remelted, when more lead is liberated. The molten 
lead is noW tapped out into a pot heated by a separate 
furnace, small coal is placed upon its surface, after which 
it is well stirred, skimmed, and poured into moulds. The 
slag is either raked out in the pasty condition in lumps, 
when it is termed "gray slag", or it is run out in a 
molten state, and is then termed "run slag". 

Description of the Flintshire Furnace. The 
Flintshire furnace is reverberatory, and is usually 1 1 feet 
long and 9 feet wide. The hearth is made of moulded 
clay built upon lead slag, and has a depression on one 



Fig. 6S.— Flintflhire Furnace, n, Hearth, b, Fire- 
bridge, r. Fire-grate, o. Fire-door. w,w, Working 
doors, p, Hopper, x, Tap-hole, c, Chimney. 
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side connected with a tap-bole. The fire-bridge, B, which 
separates the laboratory part of the furnace, H, from the 
fireplace, F, is about 2 feet wide, and the top of it is only 
about 14 inches from the arched roof of the furnace. 
There are three doors, w, on each side of the furnace, and 
the depression made in the hearth is from 18 to 20 inches 
below the middle door (see fig. 65). Two flues provided 
with dampers convey the gaseous products to the chim- 
nejr, c. The whole furnace is constructed of fire-clay 
bncks (those forming the hearth being lined with gray 
slag), which need not, however, be very refractory. The 
ore is charged in through a hopper, p, passing through the 
roof. A furnace lasts from one to two years. 

Nature of the Products of the Flintshire 
Furnace. The products of the Flintshire furnace are 
metallic or " pig " lead, and " gray slag ". 

The pig-lead of course is impure, and has to undergo 
a refining operation to free it from the iron, copper, and 
antimony which it contains as impurities. 

The gray slag, which on withdrawal from the furnace 
is in the form of pasty lumps, is a very unhomogeneous 
gray slag, and may contain (as the following analysis 
shows) nearly half its weight of lead, usually in the form 
of oxide, though the metal may be present as sulphate 
and sulphide as well. 

Analysis of Geat Slag. 



Lead Oxide, 


48-87 


Zinc Oxide, 


7-62 


Lime, 


22-68 


Alumina, 


3-13 


Ferric Oxide, 


3-86 


Silica, 


13-89 



99-95 

The silica in this slag exists in the form of lime silicate; 
the quicklime added during the smelting having decom- 
posed any lead silicate formed, with, as a result, the 
production of silicate of lime. Seeing that the slag 
contains such a large proportion of lead, the slag is re- 
smelted in the slag hearth so as to extract it 
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Cornish Process for Lead Extraction. In the 

CJomish process lead is extracted from the ore by a 
method which is really a combination of at least three 
processes, viz.: — 

( 1 ) The "air reduction " or Flintshire process previously 
described; (2) the reduction by carbon of the oxidized 
lead produced by calcining the ore; and (3) the reaction 
which takes place when lead sulphide is heated with 
metallic iron. 

The ores treated in this Cornish process are fairly rich, 
and consist mostly of galena, in association with which 
are blende, copper pyrites, &c., and a comparatively large 
amount of silver. 

This lead ore, after being first roughly picked, is made 
to undergo two operations, viz. : — 

(1) Cadcination; and (2) a process of melting, in which 
the metalKc lead is separated. 

The first operation is conducted in a calciner, the 
result of which is to convert the ore partly into oxide 
and partly into sulphate, leaving, however, a portion of 
the lead in its original state as sulphide. 

In this condition the ore is conveyed to the "flowing" 
or melting furnace, in which operation No. 2 is conducted. 
Ilere a large portion of the metal separates out on the 
mass being melted, owing to the reactions between the 
lead sulphide, sulphate, and oxide taking place, in the 
manner described in the Flintshire process. When no 
more lead separates out, a mixture of lime and anthracite 
coal, together with scrap-iron, is added to the charge. 
The remaining lead sulphide and oxide are then decom- 
posed, owing to the following reactions taking place: — 

(1) PbS + Fe = FeS + Pb 

Galena and Iron produce avQ^JJ^o ^""^ Lead. 

(2) PbO + C = CO + Pb 

Lead ^„ , Carbon ^^^.^^ Carbonic ^„ » j ^„ , 
Oxide '^'^ (from Coal) ^^«^ Oride «»^ ^^d. 

The lead so produced is tapped off, whilst the iron sul- 

Digitized by L^OOQ IC 



218 ELEMSNTART BfETALLURGT. 

phide and any impurities contained in the ore form a 
regnlus which is also run off. The gangue of the ore is 
•usually a siliceous one, and accordingly combines with 
the lime introduced along with the coal to form a ^lag, 
which is usually thrown away. If the operations are 
properly and economically carried out, some 65 parts of 
lead to every 100 parts of ore can be extracted by this 
process, the lead carrying about 40 ozs. of silver to the ton. 
Description of "Calciner" and of "Flowing 
Furnace'' in the Cornish Process. 

(1) The " Calciner ". The oxidizing of the ore in the 
Cornish process is performed in a reverberatory furnace of 
much the ordinary type, but possessing three doors, one 
at each side of the furnace and opposite to one another, 
the third door being in close proximity to the stack of 
the furnace. The furnace is lined internally with fire- 
brick, but a hole is left in the roof, through which the 
charge is introduced. During the working of the fur- 
nace this hole is simply closed by a stone slab. A charge 
of about 2 tons is then laid on the furnace bed and cal- 
cined at a high temperatiure, the ore being rabbled at 
the end of every hour. About 16 hours after the intro- 
duction of the charge the workman rakes the ore into an 
arched chamber placed below the fiurnace bed, but com- 
municating with it by a hole in the bed close to each of 
the side doors of the furnace. 

(2) << Flowing Furnace ". The partially oxidized ore 
is now transferred to the "flowing furnace". This is 
similar in construction to a Flintshire furnace, but pos- 
sesses five working doors in the same relative position 
as those in the calciner, the only difference being that 
there are now four lateral doors instead of two. The 
bed of the furnace slopes sideways and also from back 
to front, the tap-hole being placed just behind the fire- 
bridge. A charge of 2 tons of calcined ore is placed 
on the furnace-slag forming the bed of the furnace, being 
introduced through the door at the stack end and then 
evenlv raked over the bed. The temperature is then 
raised, and kept up for some 3 hours. 
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During this time the reactions between the lead oxide, 
the lead sulphide, and the lead sulphate have been taking 
place, resulting in the separation of metallic lead. This 
liquid lead is run out into a cast-iron pot placed under the 
tap-hole. A mixture of lime or fluor-spar and coal, to- 
gether with about 1 J cwts. of scrap-iron, is now placed in 
the furnace and mixed by the workmen with the charge. 
Decomposition of the lead oxide by the carbon of the 
coal, and of the lead sulphide by the scrap-iron, then 
ensues, and at the end of about 5 hours this decom- 
position is usually completed. 

The metallic lead thus separated is now tapped out into 
the iron pot. After this, owing to its lesser specific gravity, 
comes the regulus, and finally there issues the slag. 

Nature of the Products in the Cornish Pro- 
cess. The lead obtained by this process is usually very 
hard, and requires refining to separate out the antimony 
which is generally the cause of the hardness. Contain- 
ing also some 40 ozs. of silver to the ton, the extraction 
of that metal can be profitably performed. 

The "Eegulus" consists mostly of iron sulphide formed 
by the reaction which took place in the furnace between 
the lead sulphide and the scrap-iron. Besides this, it 
contains the copper originally present in the ore, together 
with some mechanically-held lead. It is accordingly 
melted up again to get out the lead, and then passed on 
to the copper smelter, who extracts the copper from it. 

The slag is composed of silicate of lime, containing 
only a small amount of lead which it is unprofitable to 
extract, and this slag is accordingly thrown away. 

Ore Hearth for Lead Extraction. This form of 
furnace is employed only in primitive districts. The ores 
treated in the ore hearth are very rich, and must be in 
comparatively large fragments; the residues from this 
furnace contain a large amount of lead, and consequently 
the loss of metal is very high. If the ore contains 72 per 
cent of lead the loss is about 1 1 per cent ; if 70 per cent 
of lead is present the loss is 12 per cent; the loss thus 
increasing as the richness of the ore decreases. 
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The expenditure of fuel is small, only 3 cwts. of fuel 
being required for every ton of lead produced. 

In the "ore hearth" the galena or lead sulphide which 
has been calcined and so partly converted into sulphate 
and oxide of lead, undergoes reactions similar to those 
previously described, the result being the separation of 
metallic lead. A part of the metal is, however, reduced 
to the metallic state solely by means of the carbon in 
the fuel 

Construction of the Ore-hearth Furnace. The 

"ore hearth" consists of a rectangular cavity, 2 feet long, 

1 foot wide, and 

2 feet deep, lined 
with cast - iron 
plates, which are 
sometimes made 
hollow to admit 
air in order to 
keep them cool. 
An arched hood 
covers the top of 
the cavity for con- 
veying away the 

lead fumes to the condensing chambers. At the back a 
twyer or pipe, B, is inserted for introducing a blast of air 
(see fig. 66). The front of the cavity is open, c, and 
facing it is an inclined work-stone, D, the upper surface 
of which consists of an iron plate in which are gutters to 
allow the molten lead to run from the hearth into a pot, 
E, heated by a separate fire. 

Method of Working with the Ore Hearth. The 

fuel usually employed is peat, which is placed upon the 
hearth near the twyer, and the blast is then turned on. 
A little coal is added, and then 20 to 30 lbs. of ore in 
lumps which have had a preliminary roasting in a rever- 
beratory furnace, are introduced. The ore is gradually 
reduced to metallic lead, which first fills the heai*th and 
then overflows, running down the gutters into the pot 




Fiff. es.— Ore Hearth, a. Heuth. b, Twyer. c. Open 
^ront of hearth. - •*^-^--^—- - -v.- ^-^-^ ^^ 



separate fire. 



Work^ftone. e. Pot heated by 
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More ore and fuel are added from time to time, the 
pasty mass of unreduced ore and slag being occasionally 
dragged out on to the front part of the furnace or work- 
stone to expose it to the air, the slag being here sepa- 
rated and the lead residues returned to the hearth 
with fresh charges of ore, together with a little lime. 
Should the ores contain clayey or siliceous matters they 
are difficult to treat, owing to infusible slags being 
formed. 

From 3 to 4 tons of lead are thus obtained in twenty- 
four hours from each furnace. 

Nature of the Products of the Ore Hearth. 

The lead obtained is comparatively pure, the temperature 
of the furnace being kept so low as to prevent the reduc- 
tion of any other metals which may be present in the ore. 
The slag, termed " gray slag ", is rich in lead, sometimes 
containing 24 per cent of lead oxide (PbO), and it is 
re-smelted in a separate small blast-furnace termed the 
" slag hearth ", yielding then a very impure lead contain- 
ing small quantities of iron, zinc, antimony, copper, and 
silver. This is termed " slag-lead ". 

From 12 to 15 per cent of the lead from the "ore 
hearth" is carried into condensing chambers, in the form 
of finely-divided particles, by the draught of air. This 
is termed "lead fume", and consists of the sulphide, 
oxide, and sulphate of lead, representing 10 to 12 per 
cent of metal ; from '01 to '02 per cent of silver is also 
present, with from 40 to 50 per cent of the oxides of 
arsenic and antimony. The " fume " is made to traverse 
long flues, in which it is condensed and deposited as a 
fine powder. 

Softening of Hard Lead. By whatever process 
the smelting of the lead ores has been effected, the lead 
obtained is always more or less impure, and is altogether 
too hard for commercial purposes. At Freiberg the 
"tapped" lead is very impure, and usually contains as 
much as 5 per cent of metallic impurities. The follow- 
ing is an analysis of hard lead from Freiberg: — 
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Lead, 96 

Copper, 

Bismuth, 

Arsenic, 

Antimony, 

Tin 

Nickel and Cobalt, 

Iron, 

Zinc, 

Sulphur, 

The presence of these other and undesired metals 
renders the lead hardy and on that account unfit for the 
purposes to which it is applied in commerce. The exact 
method of the removal of these impurities, and the con- 
sequent softening of the lead, varies with the kind and 
degree of impurity present. 

Principle of the Softening Process. The re- 
moval of the impurities usually present in tapped lead 
is effected by liquation. The most fusible metal being 
the lead, it is only necessary to raise the temperature to 
a little above the melting point of that metal, but lehw 
the melting points of the other metals which are present 
as impurities. The molten lead then flows away, leaving 
a pasty mass behind consisting of arsenic, iron, copper, 
&c. AH the bismuth and tin, nowever, goes along with 
the lead, and generally a little antimony also melts and 
passes into the lead. In liquating antimonious lead es- 
pecially the temperature must be kept very low. 

Lead may also be softened by melting it in a small 
reverberatory furnace consisting of a large, shallow, cast- 
iron pan, and then exposing it to an oxidizing atmo- 
sphere at a dull red heat. The antimony, arsenic, copper, 
&c., with part of the lead, are then oxidized, and form a 
dross on the surface of the molten metal; this is raked 
off as fast as it forms until a sample of the lead shows 
the required softness and malleability. 

Liquation of Hard Lead. The liquation of hard 
lead is conducted in a reverberatory furnace, the hearth 
of which slopes down in all directions towards the tap- 
hole, forming a sump. The hard lead is placed upon the 
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upper part of the hearth, and the temperature of the 
funiace is then gradually raised to just above the melt- 
ing point of lead. The molten lead runs down into the 
sump, taking with it all the bismuth, tin, and some of 
the antimony, leaving behind a kind of net-work of im- 
purities or residues upon the slope of the hearth. The 
lead is tapped out every three hours, the residues being 
raked out at the same time; each charge of lead consists 
of 20 to 30 cwts., and about 25 tons of lead can be thus 
refined in fifty hours. 

Reduction of Litharge. The reduction of litharge 
is effected by heating the litharge in a " litharge reduction 
furnace" along with bituminous coal or carbon. The fur- 
nace is either a small blast-furnace, or — as is usually the 
case in this country, and in not a few districts on the 
Continent — an ordinary reverberatory furnace. 

If a reverberatory furnace is employed for the reduction, 
the bed is made to slope from back to front towards 
a tap-hole, which, while the operation is going on, is 
plugged with clay. Upon this bed a layer of small coal 
2 or 3 inches thick is placed, and litharge is spread 
evenly upon this, which has previously been roughly 
mixed with coal-slack. The temperature of the furnace 
is then raised, when the carbon in the coal combines 
with the oxygen of the litharge, leaving metallic lead 
which runs down and collects above the tap-hole. A slag 
called litharge-slag forms on the top of the metal, this 
slag consisting chiefly of unreduced litharge mixed with 
the ash from the coal. 

At the end of the working the plug is knocked out 
and the molten lead run into moulds; the slag is also 
collected, and the lead extracted from it by means of 
the slag hearth. 

The blast-furnace method of reduction yields a much 
more impure lead than the reverberatory method; but 
still it has its advantages. It is used largely at the 
Freiberg works, the blast-furnaces there averaging 15 ft. 
or so in neight, and having a width of about 3 ft. Alter- 
nate layers of coarse litharge, lead dross, &c., with coke 
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are placed in the furnace, and the blast is then turned 
on. Metallic lead then separates out, which collects at 
the bottom of the furnace and is tapped off at intervals. 
The slag also formed is treated as in the former method. 

Manufacture of Red Lead. Two processes are in- 
volved in the manufacture of red lead : — (1) the formation 
of the protoxide of lead or massicot (PbO); and (2) the 
oxidation of the massicot to a higher oxide of lead 
(Red Lead— PbgO^). 

The first stage is called " drossine ", and an account of 
this operation has been given in the description of the 
formation of massicot (see p 198), so that it is not necessary 
to again describe it. This drossing operation has for 
its object simply the formation of the protoxide of lead, 
thus: — 

Pb + = PbO. 

Lead and Oxygen, produce Massicot. 

The second stage of the manufacture of red lead is 
known as " colouring ", and consists in placing the dried 
massicot obtained by the drossing of the lead upon the 
hearth of a reverberatory furnace known as a "colouring 
oven". This oven resembles the "drossing oven" previ- 
ously described, with the exception of the bed, which is 
here flat, and slopes only from back to front. The massi- 
cot is then raked or furrowed so that it resembles a field 
when ploughed; the extent of siurface exposed to the 
oxidizing action of the air is increased by this operation. 

The temperature of the furnace is then very carefully 
raised to about 300*^ — 400° C, coal being the fuel used; 
and the furnace is kept at this heat for two days, or till 
the contents of the furnace have acquired the proper tint 

During this time the charge is at intervals turned 
over, so as to present fresh surfaces of the massicot to 
the action of the oxygen contained in the air. When 
ready the charge is raked out of the furnace and allowed 
to cool. It is then ground by mills with water, dried 
and sieved, and pack^ ready for the market. 

All that this operation involves is to further oxidiae 
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the protoxide of lead or massicot to the tetroxide of lead 
or " red lead ", thus : — 

3PbO + O = PboO^ 

Massicot and Oxygen produce Bed Lead. 



CHAPTER XXIII. 

TIN AS A METAL: ITS ALLOYS AND ITS ORES. EXTRACTION 
OF TIN FROM ITS ORES. 

Tin as a Metal. This metal has long been known 
and used for industrial purposes, such as in the manu- 
facture of bronze, and for mirrors before the art of 
glass-making was known. The tin mines of Cornwall 
and of Spain were the chief sources of this metal to the 
Eonians, and these have been extensively worked since 
their time right down to the present day. 

Although having no important uses in itself, yet in 
the form both of alloys and of its chemical compounds 
this metal has very wide applications. 

The salts of tin, especially the chloride, are extensively 
used in dyeing; because they have the property of mak- 
ing the colours " fast ". On this account they are termed 
" mordants ". 

Tin is insoluble in hydrochloric acid if perfectly pure; 
and in fact in most other mineral acids. It is widely 
used for lining cooking utensils, since it is not easily cor- 
roded by acid juices; and it also protects the metal (iron, 
&c.) underneath it from oxidation by the air, &c. The 
Latin name for tin is stannum, from which its chemical 
symbol (Sn) is derived. 

Physical Properties of Tin. Tin melts at 227*^ C; 
but when molten tin is allowed to cool it does not solidify 
until 225° C. is reached. Tin is not sensibly volatile. 
This metal is white in colour with a high lustre, and is 
the fourth among metals as regards malleability, and the 
eighth in order of ductility. It, however, possesses but 
little tenacity. 

(984) p 
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On bending a bar of pure tin a peculiar sound known 
as "the cry of tin" is ^paitted; and the absence of this 
sound shows that the tin is impure. The " crv of tin " 
is supposed to be caused by the crystals oi the tin 
sliding over and rubbing against one another; this "cry" 
can be prevented by the introduction of a little arsenic. 
Tin containing a little arsenic has a fractiu-e closely 
resembling that of zinc. Commercial tin frequently con- 
tains traces of lead, iron, copper, arsenic, antimony, and 
tungsten. 

The specific gravity of tin is 7*29. 

Action of Heat upon Tin. When heated to near 
its melting point, tin becomes very brittle; breaking into 
columnar fragments (known as "grain tin") if allowed 
to fall from a height. At a temperature of - 40** C. it 
falls into a coarse powder. Tin melts at 227° C; but 
only volatilizes appreciably at 1500° C. When still more 
strongly heated the metal actually burns, combining 
with oxygen (from the air) and forming the dioxide of tin. 

Action of Air upon Tin. At ordinary temperatures 
tin is only very slightly acted upon by air; and it is there- 
fore often employed to cover over and thus protect other 
and more easily oxidized metals. 

Thus iron plates are often superficially coated with a 
thin layer of tin, and are then said to be " tin-plated ". 
This iseffected by dipping thoroughly-cleaned platesof iron 
first into a bath of melted tallow, and then into a second 
bath containing molten tin. The plates are then removed 
and immersed in a second bath of very hot tallow. The 
excess of tin is removed by slightly inclining each plate 
so that this excess runs down to, and collects along, one 
edge. It is then removed by dipping this edge for a 
moment into another bath of molten tin. 

Action of Heat and Air upon Tin. When tin is 
heated in contact with air, chemical combination ensues 
between the tin and the atmospheric oxygen; white 
stannic oxide, SnOg, being produced. 

Alloys of Tin. Tin alloys with many metals, forming 
a series of useful mixtures. 
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Tin Amalgam is best prepared by pouring mercury 
into molten tin, the nature of the alloy varying consider- 
ably with the amount of mercury added. For silvering 
mirrors, the tin to be alloyed with the mercury should 
contain 2% of copper and a little lead so as to harden 
the amalgam. 

Britannia Metal is simply tin containing a little anti- 
mony to harden it. Sometimes a little bismuth and 
copper are also added. It contains either 90% of tin, 
7% of antimony, and 3% of copper; or 95% of tin and 
5% of antimony. 

Pewter contains 80 parts of tin and 20 parts of lead. 

Bronze varies in composition, containing from 80% to 
95% of copper, and from 20% to 5% of tin. Our bronze 
coins consist of 95% of copper, 4% of tin, and 1% of zinc. 
The density of bronzes rich in tin is increased by temper- 
ing, or by submitting them to pressures equal on every 
side. 

Specnlmn Metal, used for the mirrors of reflecting 
telescopes, &c., contains either 69% of copper and 31% 
of tin; or 64% of copper, 32% of tin, and 4% of lead. 

Bell Metal. — This alloy varies in composition; 76*5% 
of copper and 23*5% of tin, making the best bell metal. 

Gun Metal contains either 91% of copper and 9% of 
tin, or 98% of copper and 2% of tin. 

Ores of Tin. The ores of tin are not numerous, 
the most important being that known as tin-stone or 
cassiterite. This is an oxide of tin (the dioxide, SnOg), 
and when pure contains 7862% of tin and 21*38% of 
oxygen. 

Tin- stone is gray or blackish-brown in colour, with a 
resinous lustre. It crystallizes in the tetragonal system, 
and has a specific gravity of 6*5. This ore of tin occurs 
sometimes in veins or lodes, sometimes in more or less 
horizontal beds, and frequently in the gravels of river- 
basins. That obtained from lodes is always associated 
with quartz, mica, tourmaline, wolfram, chlorite, and iron 
and copper ores; so that this "tin stuff" rarely contains 
more than 22 lbs. of tin-stone to the ton. The most 
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important tin-producing districts are : — Banca, in the 
Malay Peninsula; New South Wales, and Cornwall. 

Tin pyrites or stannine. This is a sulphide of tin, 
copper, and iron, 2CuS.SnS.FeS; and contains 27*65% 
of tin. It has a dark, steel-gray colour, and a specific 
gravity of 4-4. Stannine occurs in Cornwall, but is use- 
less as a tin ore. 

"Stream Tin." The pieces of massive tin-stone or 
cassiterite which occur in grains or as pebbles interspersed 
in the gravels of river-basins are termed "stream tin". 
They have in all cases been derived from the tin-bearing 
rocks of the neighbouring districts by the denuding 
action of frost, rain, and running water; and this 
stream tin is usually the first source of the metal before 
vein-mining commences in a district. 

"Mine Tin." The tin-stone obtained from veins 
or lodes in rocks is termed "mine tin", and is always 
found associated with other minerals such as pyrites, 
blende, &c., which form the gangue or vein-stuff. When 
the crystals of tin-stone are short and columnar in shape, 
it is termed "sparrable tin". 

"Wood Tin." This variety of tin-stone occurs in 
spherical masses, which, when broken open, are seen to 
possess a radiating fibrous structure, resembling the 
rings of growth seen in wood. 

Smelting of Tin Ores. The extraction of tin from 
its ores is not a difl&cult process, provided that the 
mineral wolfram is not present. 

The crude tin ore is first washed to remove clay, &c., 
and then roasted to volatilize the sulphur and arsenic 
which may be present; and also to disintegrate or break 
up the ore. The ore is then powdered, again washed, 
and conveyed by a stream of water into a series of settling 
tanks, where the tin-stone (being the heaviest substance 
present, except any wolfram), settles down, chiefly in the 
first tank. 

Tin ores are smelted both in blast and in reverberatoiy 
furnaces. The reverberatory method is best adapted for 
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pure and rich ores, the blast-furnace method being re- 
served for poor ores containing a large amount of gangue. 
In both methods there is a loss of tin, averaging about 
6% in reverberatory and 15% in blast fiu-naces. 

In the extraction of tin it is important that fluxes 
containing iron should be avoided, and that the tempera- 
ture should be as low as possible consistent with the 
reduction of the ore. In reverberatory furnaces for 
smelting tin ores a reducing atmosphere must always be 
maintained; otherwise the tin is oxidized as fast as it 
is reduced, forming tin oxide, which, combining with any 
manganese or calcium which may be present, produces a 
class of tin compounds termed stan nates. 

Smelting Tin Ores in Reverberatory Furnaces. 
In England the reverberatory process is that most com- 
monly employed for the reduction of tin ores, and it is 
conducted in two stages. The ores are first roasted to 
expel the sulphur and arsenic, and to convert the other 
metals present into oxides and sulphates. The roasted 
ore is then washed to dissolve out the sulphates, and is 
sometimes again roasted, until the product contains 60% 
to 70% of tin. 

As the ore is usually in the state of a fine powder it is 
damped before introducing it into the reverberatory fur- 
nace, to prevent it from being blown away hj the blast 
of air. To the charge of tin ore is added one-sixth of its 
weight of ground anthracite, with a little lime or fluor- 
spar, these substances being added to flux the silica con- 
tained in the ore. The doors of the furnace are closed to 
exclude air, for the atmosphere of the furnace must be a 
reducing one. The temperatui-e is kept low at first, or 
silicates of tin will be formed and much of the metal 
lost At the end of five hours the temperature should 
have reached its highest point; the charge is then rabbled, 
more anthracite is added, and the temperature again 
raised for about an hour, at the expiration of which time 
the metal is ready for tapping. In front of the furnace 
is a basin, H (see fig. 67), kept hot by a small fire, and 
into this the molten tin and slag are poured; being kept 
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in the liquid condition, much of the metal mechanically 
contained in the slag here separates out. 

Part of the slag remains behind in the furnace after 
the metal has been tapped; this is removed through the 
doors, stamped to a fine powder, and washed to separate 
the globules of tin which were disseminated throughout 
the slag. 

Description of Furnaces used for Smelting 
Tin Ores. The reverberatory furnaces have a low, 
slanting roof. The bed, c, is about 18 feet long and 9 
feet broad, and slants in evefry direction towards the tap- 
hole, D; the hearth is constructed of iron plates covered 
with slate, and is lined internally with fire-clay (see fig. 
67). Both the hearth and the fire-bridge, E, are kept 
cool by forcing air through air-channels which are left in 
those parts of the furnace. 

One ton of tin requires for its production from 30 to 
35 cwts. of coal; this is burnt in a grate, the necessary 
draught being maintained by a chimney 40 feet high 
built at the flue-end of the furnace. 

Methods of Working the Ore in Tin Smelting. 
The first thing to be done in the smelting of tin ore is 
to obtain the tin-stone comparatively free from gangue. 
This is accomplished by a process of hand-picking and 
sorting. The ore is next placed in stamps, by which it 
is finely powdered, and is then obtained in a comparatively 
pure state by washing the powdered ore. The ore next 
undergoes either one or two operations, in order to ob- 
tain the metallic tin in it. 

If the ore is practically nothing but tin-stone (SnOj), 
it is at once smelted in a reverberatory furnace, being 
mixed with about one-fifth of its weight of anthracite, 
together with a little lime as flux; the metal in the ore 
then separates out. 

If, however, the tin-stone contains impurities such as 
iron, sulphur, arsenic, copper, and wolfram, it has to 
undergo a special operation before smelting. If the 
impurities are iron, sulphur, copper, or arsenic, the ore is 
simply calcined at a moderate temperature. The arsenic 
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and the sulphur are then expelled as oxides, whilst the 
iron and copper are oxidized, and afterwards removed by 
washing. The treatment of the ore containing wolfram 
(tungstate of iron and manganese) consists merely in 




Pig. <J7.— Elevation and Plan of Reverberatory Fumaoe for Smelting Tin Ores, a. Fire- 
place. B, Chimney, c, Hearth, d, Tap-hole. e. Fire-bridge, f. Door for regulating 
the draught, o, Working door, h, Basin heated by a separate fire. 

causing the tungsten to combine with sodium, when a 
soluble salt (sodium tungstate) is formed, which can be 
readily washed out of the ore. Accordingly when wol- 
fram is present the ore is roasted in a reverberatory fur- 
nace with sodium carbonate or sulphate; the charge is 
then allowed to cool, when the sodium tungstate formed 
is washed out of the ore, leaving the insoluble stannic 
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oxide behind. This is then smelted for its tin in a rever- 
beratory furnace as before described. 

Nature of the Products in Tin Smelting. The 
tin obtained from the smelting furnace is very impure, 
containing particles of slag and tin-oxide; it also includes 
small quantities of iron, arsenic, copper, sulphur, and 
tungsten, tjie last-named substance being derived from 
the wolfram. These impurities have to be removed before 
workable tin is produced. 

The slag consists partly of a very fluid portion which 
is tapped out with the molten tin, and partly of a cindery, 
pasty substance which remains behind in the furnace. 
The fluid portion on solidifying resembles bottle-glass, 
and consists of a silicate of iron with a little silicate of 
tin and lime. The pasty portion of the slag contains 
much tin. 

Refining of Tin. As mentioned above, the impure 
tin must be refined or separated from its impurities, and 
this is effected by the process of "liquation'. 

The furnace in which tin is refined closely resembles 
that in which tin ores are smelted, i.e.^ it is a reverbera- 
tory furnace with a sloping hearth. 

The ingots of tin are piled up on the bed of the 
furnace, and a low temperature is employed, so that the 
tin alone shall melt and flow away from the copper and 
other injurious metals. The molten tin is allowed to 
flow from the furnace into a refining basin kept hot by 
a separate fire. 

The unfused residue left in the furnace after the com- 
pletion of the liquation is termed " hard-head", and is of 
very variable composition. The following is an analysis 
of "hard-head":— 

Iron, 62 per cent 

Tin, 17 „ 

Arsenic, 20 „ 

Sulphur, 1 „ 

The tin which flows away is very pure, and when in 
the refining basin it is stirred with stakes of wood, 
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usually apple-wood; this causes a boiling (owing to the 
escape of gases from the heated wood), and any iron or 
copper which may be present rises to the surface as a 
scum, which is skimmed off. Sometimes, instead of this 
"poling", the molten tin is raised in ladles and allowed 
to fall through the air back into the basin ; this answers 
the same purpose as poling, and is termed "tossing". 

The tin is finally run into moulds, forming ingots 
weighing about 3 cwts. each. 

Commercial Varieties of Tin. Tin is placed on 
the market in the form of ingots or columnar masses 
which receive commercial names according to the purity 
of the tin. The purest commercial variety of tin is 
known as "grain tin". This is prepared, to begin wdth, 
from very rich ores, and the resulting tin obtained by 
the smelting of these ores is first liquated and afterwards 
poled, in order to get rid of any oxides. The molten 
metal is then allowed to cool very slowly, when the tin 
separates out into practically three layers, by reason of 
certain variations in its specific gravity. The upper layer 
is the purest, and this is separated and forms the tin from 
which the " grain tin" is derived. The second or middle 
layer is not quite so pure as the upper, and this comes 
into the market under the name of "block tin". The 
third or lowest and heaviest layer contains impurities 
such as copper, iron, arsenic, &c., and is purified by being 
made to undergo the operation of liquation over again. 

Common Tin. The middle layer of the mass of 
molten tin when formed into moulds is termed " common 
tin", and contains small quantities of many impurities, 
such as iron, copper, and lead. 

Refined Tin. The molten tin in the refining basin 
separates (as we have just described) into three portions. 
The molten tin forming the upper part contains less im- 
purities than that below it, and when ladled into moulds 
is termed "refined tin". It is this refined tin which is 
reserved for making into "grain tin". 

Grain Tin. Kefined tin is extremely brittle at a 
temperature a little below its melting point; and when 
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ingots of refined tin, prepared from very pure ores, are 
heated and allowed to fall from a height, they break up 
into irregular, prism-shaped, colunmar masses, which are 
termed "grain tin". 

Block Tin. This is the name given to ingots of tin; 
each ingot weighs a little over 3 cwts. 



CHAPTEE XXIV. 

MERCURY AS A METAL: ITS AMALGAMS AND ITS ORES. 
EXTRACTION OF MERCURY FROM ITS ORES. 

Mercury as a Metal. Mercury or quicksilver is of 
great importance in the arts. Its silvery-white colour 
and strong metallic lustre, together with its remarkable 
power of alloying with other metals, render it of special 
value both to the metallurgist and to the gilder. 

The chemical symbol for mercury, Hg, is derived 
from the first and seventh letters of its Latin name, 
Hydrargyi'um. 

Physical Properties of Mercury. Mercury is 
the only metallic element which occurs in the liquid 
state at the ordinary temperature of the air. It solidi- 
fies at - 39° C, crystallizing in the cubic system. Mer- 
cury possesses a white silvery colour and a metallic 
lustre; its specific gravity is 13*59, being the heaviest of 
all liquids. It expands very equally for equal increments 
of temperature, and is therefore usually employed in the 
construction of thermometers. Mercury boils at 357° C. 
Mercury alloys with gold, silver, zinc, tin, and bismuth, 
&c., forming amalgams; and because of this property it 
is largely used in the extraction of gold and silver from 
their respective ores. 

Mercury slowly volatilizes even at the ordinary tem- 
perature of the air (15° C. in England); and if a piece 
of gold-leaf is suspended over mercury it soon becomes 
white, owing to the combination of the mercury vapour 
with the gold. Commercial mercury frequently contains 
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small quantities of zinc, bismuth, lead, antimony, and 
tin; and these metals, slowly oxidizing when in contact 
with air, form a black powder upon the surface of the 
mercury. 

Action of Heat upon Mercury- When mercury 
is heated to a temperature of 357° U. it boils, giving off 
a colourless vapour. But not only is this mercurial 
vapour given off from boiling mercury, but from the 
metal at all temperatures, as noted above. 

Action of Air upon Mercury. Mercury does not 
oxidize at ordinary temperatures, but when heated to 
near its boiling-point (357° C.) it combines with the 
oxygen of the air to form mercuric oxide, HgO : — 

Hg + = HgO 

Mercury and Oxygen produce Mercuric Oxide. 

Protosulphide of Mercury (= Mercuric Sul- 
phide) or vermilion. Vermihon consists of 862 per 
cent of mercury and 13*8 per cent of sulphur; it is, 
therefore, the protosulphide of mercury, HgS. Origi- 
nally vermilion was obtained by grinding up the natural 
sulphide of mercury called cinnabar, but it is now 
prepared more cheaply by the direct combination of 
the two elements. Mercury and sulphur are heated 
together in closed vessels, and the vermilion so pro- 
duced is condensed on the cold lids which cover the 
vessels. 

Physical Properties of Mercuric Sulphide. 
Vermilion has a brilliant crimson colour, and when 
crystallized forms needle-like, hexagonal crystals. When 
dniwn across an unglazed porcelain plate it leaves a 
scarlet streak. Its specific gravity = 8*5. 

Action of Heat upon Mercuric Sulphide. When 
heated in a closed tube vermilion volatilizes without 
leaving any residue unless it is adulterated with red 
lead. At a high temperature it takes fire, burning 
entirely away with a blue flame. 

If mercuric sulphide be heated in a glass tube with 
sodium carbonate a sublimate of mercury is formed; 
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also, if vermilion is heated with charcoal, iron, tin, or 
antimony, metallic mercury is obtained. 

If mercuric sulphide is heated in a retort, out of con- 
tact with air, it assumes a brown or black colour, but 
regains its scarlet colour on cooling if the heat has not 
been too prolonged. 

Action of Heat and Air upon Mercuric Sulphide. 
On heating the protosulphide of mercury in contact with 
air, chemical combination ensues between the sulphur 
and the oxygen of the air; the result being that sulphur 
dioxide gas is formed, together with metallic mercury. 

Action of Iron upon Mercuric Sulphide. The 
protosulphide of mercury is reduced to metallic mercury 
when heated in contact with iron. Iron has a great 
affinity for sulphur, and when heated with a sulphide 
combines with the sulphur, forming sulphide of iron, as 
shown in the following equation : — 

HgS + Fe = FeS + Hg 

Sulphide of Mercury and Iron produce Sulphide of Iron and Mercury. 

Action of Lime upon Mercuric Sulphide. Lime 
acts as a reducing agent when raised to a red heat with 
protosulphide of mercury. Thus: — 

4HgS + 4CaO = 3CaS + CaSO^ + 4Hg 

^X^t;' -^ L- produce |«f;i-e ^^ sS^ -^ Mercury. 

Amalgams. Mercury alloys with other metals at 
the ordinary temperature of the air, forming what are 
called "amalgams". Thus mercury forms an amalgam 
with tin, zinc, gold, silver, sodium, and bismuth; and 
many of these amalgams are of considerable commercial 
importance. This property which mercury possesses of 
uniting or amalgamating with other metals is largely 
taken advantage of in the separation of gold and silver 
from their respective ores. Some amalgams are solid, 
and others fluid; the former are usually crystalline in 
character. 

Mercury and iron do not readily unite to form an 
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amalgam; but if sodium amalgam, containing 1 per cent 
of sodium, is added to a saturated solution of ferrous 
sulphate, a pasty amalgam of iron and mercury is ob- 
tained. 

Mercury and Silver Amalgams. Mercury alloys 
with silver in all proportions. Natural silver amalgams 
are found in Bavaria, Spain, and Chili, and contain 35 
per cent of silver and 65 per cent of mercury. A 
variety termed arguerite, Ag^gHg, contains 86*5 per cent 
of silver. 

Silver amalgam may be prepared by simply adding 
finely divided silver to mercury. 

Mercury and Gold Amalgams. These two metals 
alloy in all proportions; a natural gold amalgam con- 
taining 75 per cent of gold has been found at Mariposa 
in California. 

Gold amalgam is made by gently heating together 
mercury with gold-foil or grains of gold. But if the 
amalgam is more strongly heated, the mercury is vola- 
tilized and the gold is left behind. 

Mercury and Copper Amalgam. An amalgam 
of mercury and copper is used for stopping teeth. It is 
extremely hard, and is made by moistening finely divided 
copper with a solution of mercuric nitrate, and then rub- 
bing up the mixture with mercury in a warm mortar. 

Ores of Mercury. Mercury sometimes occurs in 
the pure condition in certain cavities of rocks in the 
districts of Idria and Almaden in Spain. It also occurs 
alloyed with silver and gold; and also in combination 
with the non-metals, iodine, bromine, and chlorine. 

The principal ore of mercury is the sulphide termed 
cinnabar. This contains, when pure, 86*2 per cent of 
mercury and 13-8 per cent of sulphur. It is crimson to 
orange-red in colour : specific gravity = 8*5. Cinnabar 
forms crystalline, massive, and earthy masses. A black 
variety termed metacinnabar is found at the Keddington 
Mine in California. Spain, Bavaria, California, and 
Japan are the chief localities for cinnabar. 
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Methods of Extraction of Mercury from its 
Ores. The metallurgy of mercury is very simple. The 
cinnabar or protosulphide of mercury is decomposed by 
heating it in air; the sulphur being then burnt away as 
sulphur dioxide. The mercury, thus liberated, passes 
off as a colourless vapour, and is condensed in suitable 
receivers. The forms of the furnaces used for effecting 
this decomposition are very varied; but in all of them 
the ore is roasted in contact with air, iron, or lime, and 
the mercury vapour subsequently condensed. 

Description of Furnaces for the Extraction of 
Mercury from its Ores and the Methods of 
Operation. 

The Aludel Process. The furnace consists of a domed 
chamber, A, into which the ore is placed, with a fireplace, B, 
below (see ^g. 68). The mercurial vapours pass through 
a series of earthenware flasks or condensers termed 
aludels, c. 

This process is a very rough and wasteful one ; 20,000 
lbs. of ore can be treated in from 10 to 15 hours; and the 
mercury collected in the aludels (which are kept cool by 
exposure to the air) is removed every three or four days. 

The atmosphere of the furnace is an oxidizing one 
and the reaction which takes place is as follows : — 

HgS + Oj = SOj + Hg 

Sulphide of Mercury and Oxygen produce t^J^aI «**<^ Mercury 

The Hahner Furnace consists of a vertical cylindrical 
chamber, a, into which the ore is put, with a fireplace 
below. This chamber is 18 feet high and 3 feet 8 inches 
in diameter (see fig. 69). It has a hopper in the roof 
through which the ore is charged. 

The roasting chamber is connected with six cylindrical 
condensing chambers, b, the roofs of which consist of a 
long iron tank through which cold water is always circu- 
lating to keep the chambers cool. 

The mercurial vapours pass from the roasting chamber 
and are condensed in the cool chambers, the draught 
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being produced by a chimney connected with the last 
condensing chamber. 

The Alberti Furnace consists of a reverberatory furnace 
with a sloping bed, the ore being charged in by a hopper 
passing through the roof. The fumes of mercury pass 
from the furnace through two parallel cast-iron tubes 
sloping away from the flue-end of the furnace and kept 
cool by streams of water flowing over them. The two 



Fig. 09.— H&hner's Modification of the Idrian Furnace, a, Roasting chamber. 
b. Condensing chambers. 

parallel iron tubes open into large condensing chambers, 
and from the upper one of these the fumes pass through 
another iron tube which conveys them to the chimney 
(see fig. 70). 

This furnace is constructed for poor ores containing not 
more than 1 per cent of mercury. 

Betorts similar in shape to those employed in the 
Silesian zinc process have also been used, the mercury 
vapour being condensed by passing it into water. They 
do not, however, give very good results. 

Nature of the Products. The mercury obtained 
from the condensing chambers is very impure, contain- 
ing zinc, bismuth, antimony, and tin. From these 
impurities it is separated by redistillation. The crude 
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mercury is placed in retorts, its surface is covered with 
iron filings, and the fumes of mercury evolved are led 
into and condensed by cold water. 



III 



^t 



Or if some crystals of sulphate of mercury are placed 
upon the surface of the impure mercury the latter slowly 
becomes purified. 



C984) Q 
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APPENDIX. 

EXAMINATIONS HELD BY THE DEPARTMENT OF 
SCIENCE AND ART, SOUTH KENSINGTON. 



1803. 
SUBJECT XIX.— METALLURGY. 

Examiners : 

Professor W. CHANDLER ROBERTS-AUSTEN, C.B., F.RS., 
AND EDWIN J. BALL, Esq., Ph.D. 

Oeneral Instructions, 

If the rules are not attended to, the paper vnU he cancelled. 

You may take the Elementary, or the Advanced, or the Honours 
paper, but you must confine yourself to one of them. 

Put the number of the question and of the section before your 
answer. 

You are to confine your answers strictly to the questions proposed : 
answers extending beyond the scope of the questions are disregarded 
by the examiners. 

Your name is not given to the examiners, and you are forbidden 
to write to them about your answers. 

The examination in this subject lasts for three hours. 

First Stagjc or Elementary Examination. 

Instructions. 

You are not to attempt more than six questions in this paper. 
The value attached to each question is the same. 
The candidate must answer questions in at least two sections. At 
least two qpestions must be taken from Section I. 

Section I. 

1. Explain the metallurgical exprfession a " bi-silicate ". 

2. What are the distinguishing characteristics of the two types of 
furnace? Make a sketch of a furnace belonging to each type. 

3. What is the elementary composition of dry wood? Point out 
the difference between the flame from dry wood and that from char- 
coal when burnt in a furnace. 

4. How may the calorific power of a fuel be determined? 
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Section ll. 

5. How would you prevent iron from rusting? 

6. What is "pig" iron? State fully how "white" pig iron differs 
from the " gray " variety. 

7. Draw a section of the top of a blast -fnmaoe, showing an 
arrangement by which the waste gaaes may be withdrawn. 

8. Mention briefly the successive processes through which a piece 
of iron ore passes when converted into crucible steeL 

Section III. 

9. Describe the action of chlorine upon impure gold, first, at the 
ordinary temperature, and second, when the gold is molten. 

10. Give some method by which silver chloride can be dissolved 
out of an ore. 

11. If you were required to separate the silver from a mixture of 
equal parts of silver and of gold, how would you proceed? 

12. Describe the "Parkes" method for the separation of silver 
from lead. 

Section IV. 

IS.^What are the principles upon which the Welsh rererberatory 
method of copper smelting is based? 

14. Give sketches of the retort used respectively in the Siledan 
and Belgian processes of zinc extraction. 

15. Give the composition of fusible metal, and state how yon 
wotdd prepare a sample which would melt in boiling water. 

16. Sketch an English cupellation furnace, and describe the pro- 
cess conducted in it 



1894. 

Instructions as in 189S, 



Section I. 

1. Give the exact meanings of the terms "Malleability**, "Duc- 
tility", and "Tenacity". 

2. State clearly why a chimney is added to a furnace, and show 
what use may be made of a damper in the chimney. 

3. Why are fluxes used in emoditittg? Give three characteristic 
examples, stating the processes in which they are employed. 

4. What are the chief characteristics of the following kinds of 
fuel: — ^bituminous coal, free-burning coal, anthracite, and coke? 

Section II. 

6. Define the terms "Wrought Iron", "Cast Iron", "Cast Steel", 
and "Bessemer Steel". State how these material? differ respec- 
tively. 
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6. Describe the method of man«laefciiring malleable iron from pig 
iron bj the puddling prooesa, and show how the method «l ** dry ** 
puddling differs from "pig boiling'*. 

7. What is "Tin plate"? Describe the method of its manufac- 
ture. 

8. Describe two methods for the manufacture of what is known 
as "crocible steel". Make a sketch showing a vertical section of 
tibe furnace with the crucible in position. 

Section IIL 

9. How may refined gold be prepared from English "standard'* 
gold? 

10. How would you separate gold by a furnace method, from a 
rich sample of gold quartz? 

11. Describe a method for the treatment of argentiferous galena 
in order to obtain both the silver and the lead. 

12. State the various methods by which metallic silver is obtained 
from silver chloride and from silver sulphate in metallurgical pro- 
cesses. 

Section IV. 

13. State the composition of the following alloys and their chief 
uses : — brass, gun metal, pewter, and Muntz s metal. 

14. Give a description of the process for refinipg copper in a 
reverberatory furnace. 

15. How would you extract mercury from cinnabar (HgS)? 

16. State concisely the changes which take place in smelting 
galena in a reverberatory furnace. 

Note: — The questions in Elementary Metallurgy which have been 
set by the Science and Art Department during the last seven years 
will be found — with answers in full — in the Guide to Elementary 
MetaUurgy, published by Messrs. Blackie & Son, price 6d This 
little book also contains hints on how to work the examination 
paper, and on the general work of the Science and Art Department. 
A new edition is published annually. 

Notes on the Examination in Elementary METAtLUBGT. 

1. The syllabus for this subject is contained in the paragraph 
headings of the present book. 

2. It will be noticed that the questions are divided into four sec- 
tions, corresponding to the four sections of the book. 

3. Section I. is common to all branches of Metallurgy, and there- 
fore every student must attempt at least two of the four questions 
set in this preliminary section. Having done this he may then 
choose any other section or sections, and answer questions from 
them so as to make his total number of answers up to six. Thus if 
three questions are done out of Section I., then three questions may 
be attempted out of either Section II., Section III., or Section IV. 
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4. The object of thus dividing the subject is that each student 
may confine himself mainly to that branch of the subject with which 
he is, or is supposed to be, practically familiar. 

5. It is, therefore, evidently not necessary to master the wJiole of 
this book in order to pass the examination. Section I. must be well 
known by all. But only one of the other three sections need then be 
thoroughly studied. Still, all the operations in the art of Metallurgy 
are closely connected, and workers in one branch may rely upon it 
that they will obtain both pleasure and profit by knowing what is 
being done in other branches. 
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Acid, Bessemer process, 
io6, io8. 

— slags, 31. 
Acids, 12. 

— (action on copper), 164. 

— (action upon silver), 1 34. 
Agricola, — , 63. 

" Aired " bars (steel), 104. 
Alberti furnace, 240. 
Alchemists, 10. 
Alderley Edge (Cheshire), 

170. 
Alloy, 29. 
Alloys of gold, 120, J 2 1. 

— of lead, 204. 

— of silver, 141. 

— of tin, 226, 227. 
Almaden, 29, 237. 
Aludel process, 238. 
Aludels, 238. 
Alumina, 35. 
Amalgam, 29, 154. 
Amalgamation, 29. 

— processes, 122, 124. 
Amalgams, 236, 237. 
Amorphous carbon, 47. 
AnglesitCt 207. 
Anhydrous slags, 31. 
Annealing, 18, 20. 
Anthracite, 46. 
Antimony, 205. 
Appolt's coke oven, 54. 
"Apron" (gold), 124. 
Aqua regia, 117. 
Arendal (Norway), 67. 
Argentic dioxide, 135. 

— monoxide, 135. 
Argentiferous copper, 144. 
ArgentitCt 136. 
Argentous oxide, 135. 
Arrastra (for silver), 150. 
Arsenic, 13. 
Atacamitej 170. 
Atomic weights, 15. 
Atoms, IS. 

Augustin s process (silver), 

140, 149, 159, 160, 161. 

Autogenous soldering, 

Awaruite, 05. 
Azuritif 170. 



I Banca, 228. 
Barff, Prof, 60. 
Base metal, 10. 
Bases, 12. 

Basic Bessemer process, 
106. 

— lining (for converter' 

108. 

— silicates, 32, 33, 89. 

— slags, 31, 33. 
BaHxite^ 35, 42. 
Bee-hive coke oven, 52. 
Belgian furnace, 193. 

— process (zinc), 191, 192. 
Bell metal, 227. 
Bergmann, — , 62. 
Berthier, — , 107. 
Bessemer, Sir H., 106. 

— converter, 38. 

— process (steel), 106, 109. 
Bisilicates, 31, 33. 
Bismuth, 22. 
Bituminous coal, 45, 49. 
Black-band ironstone, 68. 
Black iron oxide, 65. 
"Blackjack", 186. 
Blacklead crucibles, 35,36. 
" Blake crusher", 124. 
Blast furnace, 38, 75, 76, 

79- 
gases, 82. 

— (hot and cold), 80, 81. 
Blende, 186, 187, 189. 
Blister copper, 174, 182. 

— steel, 63, 103. 
Block tin, 233, 234. 

** Blooms" (of iron), 93. 
Blowing machine, 72. 
"Bluebillv", 68. 
Blue metal (copper), 180. 
Bdetius furnace, 4a 
*' Boshes", 76. 
Boumonite, 207. 
Brasqued crucibles, 35, 37. 
Brass, 194. 
Brendon Hills, 68. 
Bricks, 41, 42. 
Britannia metal, 227. 
Bronze, 227. 

— Age, 10, II. 
Brown iron ore, 67. 



Burnt iron, 59. 
Burra-Burra, 169. 

Caking coals, 46, 49. 
Calamine, 187. 
Calcination, 26. 

— (copper), 172, 177, 179. 

— of iron ores, 74. 

— (lead), 217. 

— (zinc ore), 189. 
Calciner (lead), 218. 
Calcining furnace (copper 

ores), 174. 
Calorific power of fueL 
, ^ 43, 44- 

Carats" (gold), 120. 
Carbon, 167, 168, 203. 

— (action on PbO), 199. 

— and iron, 61, 104. 

— for crucibles, 37. 

— in iron, 63. 
Carbonate of copper, 169. 

— of lead, 207. 

— of zinc, 187. 
Carbonic oxide, 80, 185. 
Carburization of iron, 103. 
Carburizing, 6^. 
Casting of steel, 112. 
Cast steel, 63. 

Catalan process, 70, 71. 
Cellulose, 43, 44. 
Cement copper, 161. 
Cementation furnace, 105. 

— process, 63. 
Cerussite, 207. 
Chalybite, 67. 
Charcoal, 47. 

burning, 47, 48. 

plates, 102. 

Chemical equations, 16. 

— symbols, 13, 15. 
Chloride of gold, 119. 
Chlorination processes, 

122. 
Chlorine (and gold), 119. 

— for refining gold, 129, 

130. 
Chrotnite, 66, 69. 
Chrysocolla, 170. 
Cinnabar, 235, 237. 
Clay ironstone, 68. 
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Qeveland, 67, 68, 75. 

Clouet, — , 62. 

Coal, 45. 

" Coarse metal " (copper), 

, 174. 178. 
Coke, 49, 50. 

— ovens, 5^ 5^, 54. 
Cokiii£[ incircularpiles,5i. 

— in kilns, 52. 

— in ridges, 51. 
"Cold-short'^ iron, 61. 

shortness ** (iron), 64. 

Colour of metals, az. 
Combustion, 38. 
Common tin, 233. 
Compounds, 15. 
Condenser, 27. 
Conductors, iz. 
Converter ( Bessemer), 106, 

109, III. 
Converting furnace, 104, 

105. 
Co|^>^'s coke oven, 55. 
Copper, 10, 163, x^ 

— alloys, 194. 

— (blue metal), z8a 

— bottoms, 182. 

— carbonate, 169. 

— glance, 17a 

— (moss), 181. 

— (native), 169. 

— ores, 169. 

— (pimpled metal), xSa 

— pyrites, Z70. 

— (refined), 183. 

— renins, i8z. 

— sihcates, 17a 

— smelting, Z71. 

— sub-oxide, 164. 

— sulphate, 167. 

— (white metal), 180. 
Cornish ptoctas, 217, 2Z9. 
Cort, H., 90, 92, loi. 
Cowper's stove, 8a, 83. 
Cox's coke oven, 53. 
Crocodile squeezer, ^. 
Crucibles, 33, 35, 36, 37. 

— for cast steel, Z13. 
Cupel, 29, 2X2. 
Cupel lation, 29. 

— (for silver), 211. 

— furnace (German), 30. 

(English), 212. 

Cupric oxide, 165, X69. 
Cuprite, 16^ 

Cuprous oxide, 164, z68, 
169. 

— sulphide, 165, 168. 
Currents in blast furnace, 

7?* 
Cyanides for gilding, 132. 
Cyprus, 163. 



Dam-stone, 77. 
Dannemora, 65. 
Darby. A., 75. 
Darby s process, 62. 
"Dead" ore, «6. 
Devonshire bricks, 42. 
Dewar. Prof., 57. 
Dinas bricks, 42. 
Direct extracUon of iron, 

Distillation, 26, 28. 
Distilled zinc, Z9Z. 
Dolomite, 34, x^ 
Double silicates, 3a. 
Dressing, 23. 
Dressing, 224. 
Dry copper, 164, x68. 
— puddliBg (iron), 9X, 92. 
Ductility, 19. 

Elasticity, ax. 

Electrolysis, X35. 

Electrolytic process for 
silver, 14^ 

Electro-negative, xs. 

parting (gold), X3X. 

plating, 132. 

positive, X2. 

Elements, 12. 

English cupellation fur- 
nace, 2X2. 

— process (for zinc), 187. 
Equations, x6. 
Erubescite, x7o. 
ExtractioD ot gold, xax. 

Faklerz, X44, X70. 
Fehling's test, 164. 
"Fetthne", 69. 
Fire-bricks, 41, 42. 

clays, 3^, 35, 36. 

Flintshire furnace (lead), 

214, 21^. 

"Flouring (mercury), 

126. 
" Flowing ** furnace (kad), 

217, 218. 
Flux, 31, 32. 
Forge hammors, 95. 

train or mill, 98. 

Formula, X5. 
Fracture, X9. 
Franklinite, 66, 69. 
Free-burning coals, 46. 
Freibeiv (Saxony), x^. 
Freisleoenite, 20a. 
"Frit", 4a. 
Fuel, 43, ^9. 
Furnace (Alberti's), 240, 

241. 

— jBel^n), 193. 

— (calcmmg), X74. 



Furnace (converting iron 
into steel), 104, X05. 

— (cupellation), 212. 

— Flintshire, 215. 

— ("flowing"), 2x8. 

— for cast steel, X13. 

— for liquation, X46. 

— for puddling, 91. 

— for tin-smelting, 230, 

23X. 

— (for zinc), x88. 

— gases, 83. 

— (German ct4>eUation), 

— (Hahner's), 238. 
-linings, 34. 

— (melting, copper), X75. 

— (ore-h«uth), aao. 

— (Siemens' open hearth), 

— tops, 85. 

— (^ier>ogel'5), X57. 
Furnaces, 53. 

— classified, 37. 
Furness, 67. 
Fusibility, X7. 

— of oxides, 199, aoo. 
Fusible metal, 205. 
Fusion of copper ores, X73. 

Galena, 207. 
Gangue, 23, 25, 31, 3a. 
Gamster, 34. 
Gaseous fuel, 38. 
Gases of blast-nimace8,83. 
Gas-producers, 39, 4X. 
Gelivard (Lapland), 66. 
German cupellation fur- 
nace, 30. 
Gjers roastmg furnace, 74. 

— "soaking pits", xo8. 
Glazed bars (steel), X04. 
Gold, 1x7, 119. 

copper allovs, xax. 

mercury alloys, xax. 

quartz crushing, x»3. 

silver alloys, xaa 

GSthite, 67. 
Grain tm, 233. 
Graphite, 35. 
Gray pig-iron, 64, 87. 
Gray slag, 3x6. 
"Gubbin", 68. 
Gim metal, 327. 

H&hner furnace, 238. 
Hammer slag, 59. 
Hardened steel, ^7. 
" Hard-head " (txn), 233. 
Hard lead, 22 x. 
Hearth (refinery), ^ 
Heat, 38, 43, 44. 
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Heath's process (steel), 

TI3. 

Helves, 96. 
Hematitty 66. 
Horn silver, 143. 
Hot blast, 80. 
Hantsman's process (cast 

steel), 112. 
Hydrogen, 185. 
H3rdrous slags, 31. 

Jlmenite, 67, 65. 
Indirect extraction of iron, 

74- 
Ingot steel, 58, xo8. 
Iridium, 18. 
Iron, 56, 65, x68. 

— and carbon, 61, 104. 

— and steel (scheme), 73. 

— bottoms, 9a. 

— pyrites, 68. 

— scale, 59. 

— silicate, 61. 

— sulphide, 167. 

— sulphides, 60. 

— varieties of, 86. 
Ironstone (clay), 68. 

Kaolin, 31, 35. 
Kidney iron ore, 66. 
Kish, 64. 

Labrador, &j. 
Lake Superior, 93. 
Landore steel works, 1x5. 
Lead, 195, 196, 197. 

— alloys, 204. 

— carbonate, 207. 

— ores, 206. 

— protoxide, 198, 204. 

— sulphate, 203, 204, 207. 

— sulphide, 201, 202, 204, 

207. 
Leadnlle, Colorado, 207. 
Lift hammers, 96. 
Limit of elasticity, 21. 
Ltmonitet 67. 
Litharge, 30, 141, 196, 198, 

199, 206, 213, 223. 
Liouation, 28. 

— furnace, 146. 

— (hard lead), 222. 

'- process for silver, 145. 
Lithium, 12, 18. 
Lixiviation tanks, t6a 
Lloyd's twyer, 78. 
Lodestone, 65. 
Lustre, 11, 21. 

Magistral, 152. 
Magrtesitet 35. 
Magnetic iron ore, 65. 



MctznetiUf 65. 
MeUachite^ 169. 
Malleability, 19. 
Malleable uron, 63, 88. 
Manganese steel, 57. 
Martm's process (steel), 

1T3, 114. 
Massicot, 198, 199, 3oo,9ot. 
Melaconite, 169. 
Melting furnace (copper). 

Merchant iron, 99, xoa 
Mercuric sulphide, 935. 
Mercury, 17, 234. 

— ores, 257. 

— (to punfy), 241. 
Metallic lustre, 21. 

— oxides, X99. 
Metals, IT, 13, 14, 15, 16. 
Metal slag (copper), x8o. 
Meteorites, 65. 
Mexican process (for sil- 
ver), 149, 150, 153. 

Miller's process (gold), 

12^, 130. 
Mine tm, 228. 
Minium^ 200, 206. 
Molecule, 15. 
Monosilicates, 31. 
Monoxide of copper, 165, 

166, 169. 
Mordants, 325. 
Moss cofiper, i8x. 
Mottled iron, 64. 

— pig-iron, 87. 
Muntz's metaj, r95. 
Mushet's procen (steel), 

xia. 

Nasmyth steam hammer, 

95- 
" Native ", 22. 
Native copper, X69. 

— gold, 117 

— iron, 65, 68. 

— silver, 143. 
Neilson, — , 80. 
Newjersejr, U.S.A., 66. 
Nickel-speise, 25. 
Nitrate of silver, 138. 
Noble metals, 10. 
Non-metals, xi, X3. 
NuggeU, X18. 

Ochre (yellow), 67. 
Ore-furnace (copper), 175. 
Ore-furnace slag, 178. 

— hearth (lead), 2x9^ asa 
Ores, 9, 22. 

— of copper, 169. 

— of iron, 65, 69. 

— of lead, 206. 



Ores of mercury, «37. 

— of silver, 142, 155. 

— of tin, 227. 

— of zinc, 186. 

' ' Overpoled ** copper, x68. 
Oxides, 23. 

— (metalhc), 199. 
Oxide of zinc, X85. 
Oxygen and silver, X35. 

— (liquid), 57. 

Palladium, 142. 

Parkes' process, X62, 908, 

210. 
" Parting ** by electricity, 

131. 

— (gold-silver), 127, X38. 
Patio process (for silver), 

149, 150, X53. 
Pattinson process, i62,to8, 

209, 210. 
Peat, 45. ^ 
Pepys, — ^ 6a. 
Persberg, 65. 
Pewter, 905, 227. 
Phosphide of iron, 60. 
Phosphorus, 60, 64. 
Pig-boiling (iron), 91. 
Pig-iron, 64, 86, 87. 

— (varieties), 61. 
Pig lead, 2x6. 
PiCng for inm, xoa 
Pimpled metal (copper), 

180. 
Plumbago, 35, 36. 
Poling (copi>er), 183. 
" Pohng - (tin), 233. 
Potassium, t2, 2X. 
Protosulphide of mercury, 

235. 
Protoxide of lead, 1984 
Proustiie, X37, X43. 
Puddled bar-iroD, 99. 

— iron, 95. 
Puddle rolls, 97. 
Puddler's (iron) ore, 67. 
Puddling process, 90, 99. 
" Purple of Casstus ", xaa 
Puy de D6me, 34. 
Pyrargyrite, x-vj, 143. 
Pyrites (copper), 17a 

— C»«>n), 68. 

— (tin), 228. 

Quartz, 34. 

— (gold), 199. 

•*Rabble^99. 
Red iron oxide, 66. 

— lead, 200. 294. 

— oxide of lead, 206. 
RedmihiU, X70. 



Digitized by L^OOQ IC 



250 



ELEMENTARY METALLURGY. 



" Red-shortness " (iron), 

64. 
Reducing agents, 23, 34. 
Reduction, 23. 
Refined iron, 90. 

— tin, 233. 

Refinery (for iron), 80. 
Refining gold (by chlor- 
ine), 129, 130. 

— of tin, 232. 
Refractory materials, 33. 

— ores, 22. 
Regenerative furnace, 39, 

40. 
Regulus, 25, 174, 178. 

— (copper), 181. 

— (silver), 155. 
Reheating furnace (for 

iron), 99. 
Retorting gold amalgam, 

126. 
Retorts, 27, 33. 

— (Belgian process), 192. 

— (for mercury), 240. 

— (Silesian furnace), 190. 
Reverberatory furnaces, 

37,38.189. 

— furnace (steel), 113. 

(tin), 229. 

Roaster slag, 182. 
Roasting, 26. 

— (copper ores), 174. 

— of iron ores, 74. 

— (zinc ore), 189. 
Rock breaker, 123. 
Rolls for puddling, 97. 
Rotatory squeezer, 97. 
Rust, 59. 

Scheme for iron and steel, 

— (Welsh process), 172. 
Scorix, 28. 

Scorification, 28, 29, 106. 
Scorifier, 29. 

Shear steel, 63. 

Sheet iron, 100. 

Shingling, 95. 

Siderite, 67. 

Siemens* furnace, 38, 39, 
40. 

Siemens-Martin process, 
114. 

Siemens' open hearth fur- 
nace, 115. 

— process (steel), 113, 114. 
Silesian furnace (zinc), 190. 

— process (zinc), 189, 190. 
Silica, 22, 34. 

— in slags, 31. 
Silicate of iron, 61. 
Silicates, 28, 31, 32. 



Silicates (basic), 89. 

— of copper, 170. 
Silicon, 64. 
Silver, 133, 134. 

— alloys, 141, 142. 

— by liquation process, 

I45-. 

— chloride, 129, 138, 139, 

140, 14^, 160. 

— extracted from ore, 148. 

— glance, 136, 143. 

— nitrate, 138. 

— ores, 142. 

— sulphate, 137. 

— sulphide, 136, 137, 143. 
Slag, gray lead, 216. 

— (metal-copper), 180. 

— (ore-furnace), 178. 

— (roaster-copper), 182. 

— wool, 33. 
Sla^, 28, 31, 32, 33. 

— (u-on), 88, 90, 93, 99. 
Slit rods (iron), 100. 
Smelting, 24. 

— of copper, 171. 

— tin ores, 228, 230. 
Snailbeach mine, 206. 
Snelus, — , 107. 
Soaking pits(for steel), 108, 

109. 
Sodium, 12, 21. 

— chloride, 137. 
Softening of lead, 221, 332. 
Softness of metals, 20, 21. 
Soft steel, 57. 

Solderj 204, 205. 
Soldering, 197. 
Spathic iron ore, 67. 
Specific gravity, 17, 18. 

— heat, 17. 
Specular iron ore, 66. 
Speculum metal, 227. 
Speise, 25. 
Spelter, 184. 

Spiegeleisen, 62, 105, 107. 
"Spitting" of silver, 134. 
Sprengel, — , 74. 
Squeezers, 96, 97. 
Stamp battery, 124, 125. 
Stannintj 228. 

Steel, 57. 

— (cast), 112.^ 

— (concentration process), 
63. 

— production of, 102. 

— varieties of, 58. 
Stepkanite, 137. 
Sterro-metal, 195 
Still, 27. 

Stone Age, 10. 
Stourbridge clay, 190. 
Stove for hot blast, 8i. 



Stream tin, 228. 
Styrian bricks, 42. 
Sublimation, 27, 28. 
Sub-oxide of copper, 164, 

168, 160. 
Sulphate of copper, 167. 

— of lead, 203, 204, 207. 

— of silver, 137. 
Sulphide of iron, 167. 

— of lead, 201, 202, 204, 

207. 

— of silver, 136, 137, 143. 

— of zinc, 186. 
Sulphides of iron, 60. 
Sulphuretted hydrogen, 

136. 
Superior, Lake, 169. 
Swansea, 171. 
"Sweet" ore, 26. 
Symbols, 13, 15. 
Syphon-pipe stove, 81. 

Table for extraction of 
silver, 144. 

— of iron ores, 69. 

— of symbols, 13. 
"Tailings", 123. 
Tap-cinder, 94. 
Tapping the furnace, 86. 
Telluride of silver, X44. 
Tenacity, 20. 
Tenorite^ 169. 
Test-ring, 29. 
Tetrahedrite, 170. 
Thomas & Gilchrist, 108. 
Tilt hammers, 95. 

Tin, 225, 226. 

— amalgam, 237 

— ores, 227. 

— pyrites, 228. 

— refining, 232. 

— smelting, 230. 

— varieties of, 233. 
Tin-plate plant, loi. 
Tin-plates, 101. 
Tinstone, 23. 
TinstufT, 23. 
Titaniferous iron ore, 67, 

Toughness, so. 
"Tough pitch" copper, 

168. 
Trial bars (for steel), 103. 
Trisilicates, 31. 
"Trompe", 70, 72. 
Tunnel nead, 76. 
Turf, 45. 
Turgite, 67. 
Twyer, 71. 

— (ore-hearth), asa 
Twyers, 77, 78. 
Tymp-arch, 78. 
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Type metal, 205. 

Underpoled copper, 164. 
Unit of heat, 4^. 
Utilization of slags, 33. 

Vale of Neath, 34, 42. 
Varieties of iron, 86. 
VeinstufT, 23. 
Vermilion, 235. 
Volatility, 17, 26. 
VonPatcra pf ocess(silver;, 
149. 

Water-gas, 41. 



Welding, 17, 58. 
Welsh anthracite, ^7. 

— process (copper), 171, 

172, 176. 
Wet-puddling (iron), 93. 
White metal (copper), i8a 

— pig-iron, 64, 87, 88. 
Whitwell's stove, 82, 84. 
WiUemite, 187. 
Wolfram, 228. 

Wood as fuel, 44. 

— tin, 228. 

Worm or condenser, 27. 

Yellow ochre, 67. 



Ziervogel's process(silver), 

^ 149. '55, 157- 
Zinc, 183, 184. 

— (action of acids on), 184. 

— alloys, 194. 

— carbonate, 187. 

— furnace, 188. 
(Silesian), 190. 

— ores, 186. 

— oxide, 185, 187. 

— silicate, 187. 

— sulphide, 186. 
ZincHe, 187. 
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LONDON: BLACKIE & SON, Limited, 50 OLD BAILEY, B.C. 



BLACKIE & SON'S 

Scientific, (Dofbemoficol, ond 

ti^echnicol Publicofions. 



NEW BOOKS AND NEW EDITIONS. 

Just PubHskedf revised and largely re-written. 

DesChanel'S Natural Philosophy: An Elementary Treatise on 
Natural Philosophy, based on the TraiU de Physique of A. Privat 
Deschanel. By J. D. Everett, m.a., d.c.l., f.r.s.. Professor of 
Natural Philosophy in Queen's College, Belfast. Profusely illus- 
trated. Thirteenth Edition. In 1 vol., medium 8vo, cloth, ISs. ; also 
in four Parts, limp cloth, 45. ^d. each. 

Part I. — Mechanics and Hydrostatics. I Part III.— Electricity and Magnetism. 
Part II.— Heat. I Part IV.— Sound and Light. 

This well-known work, revised at each successive reprinting, has 
now been so thoroughly recast in the light of recent investigations 
as to make the present edition practically a new work. Much of the 
old matter has been rearranged for greater lucidity, new matter has 
been largely introduced into old chapters, and four entirely new 
chapters on special modern subjects have been added. 

"... These judicious revisions and expansions have resulted in the pro- 
duction of a work which bears the same relation to physics to-day that the 
original treatise did to the state of physical knowledge at the time of publica- 
tion. The work may, therefore, be expected to be just as successful in the future 
as it has been in the past."— Nature, July 12th, 1894. 

"The new edition — the thirteenth, by the way— of Professor Deschanel's 
Treatise on Natural Philosophy differs materially from all previous issues ot 
the book. . . . Thoroughness of treatment and lucidity of statement are the 
characteristics of this admirable text-book, and Dr. Everett has shown much 
skill in the manner in which he has enlarged its scope in order to meet the actual 
requirements of English students.— The Speaker, Atig^ist ith, 1894. 

Jttst Pvhlislied. 

Elements of Metallurgy. By W. Jerome Harrison, p.o.s., and 
William J. Harrison. Fully Illustrated. 250 pp. fcap 8vo, 
cloth, 2s. 6rf. 

In rapid Preparation. 

Laboratory Exercise Book for Chemical Students, Con- 
taining Tables for Analysis, Sheets for Results, &c. By E. Francis, 
F.O.S^ People's College, Nottingham. ^ , 
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! JiLst Published^ revised throuffhout and considerably extended, 

A Text-Book of Orcranie Chemistry. By A. Bernthsen, pild, 

formerly Professor of Chemistry in the University of Heidelberg. 
Translated by George M'Gowan, Pb.D. New Edition, thoroughly 
revised and much enlarged by Author and Translator. Crown 8vo^ 
cloth, 7a. 6rf. 

"This excellent treatise lias been admirably translated, and a very useful 
addition has been made to the English scientific student's library. As far as we 
have tested it is accurate, and it is certainly sensible in arrangement, and lucid 
in style."— Lancet. 

"Sure to take as high a place among the elementary text-books of organic 
chemistry in the English language as it has already done in the Fatherland."— 
Nature. 

" The translator having done his work accurately, this volume ought to become 
as popular among English as it deservedly is among Oerman students."— Journal 
of Education. 

"The author and translator are to be congratulated on the production of a 
very useful book."— Guardian. 

"The book, in spite of its vride range, is clear and simple in style, well printed, 
and not too large. —Saturday Review. 

Just Published. 

The Natural History of Plants: Their Forms, Growth, Repro- 
duction and Distribution. From the German of Anton Kbrner 
VON Marilaun, Professor of Botany in the University of Vienna. 
Translated by F. W. Oliver, m.a., d.Sc, Quain Professor of Botany in 
University College, London, with assistance of Marian Bubk, b.bc., 
and Mary Ewart, b.Sc. With about 1000 original Woodcut Illus- 
trations and Sixteen Plates in Colours. Issued in Sixteen Parts 
imperial 8vo, published monthly, price 28. Qd. each net; also in four 
half- volumes, at intervals of four months, 125. 6rf. net. 

"The best account of the vegetable kingdom for general readers which has yet 
been produced. . . . The translation is scientifically accurate, as well as 
entertaining and instructive. Lovers of nature will find every page of the book 
interesting, and the serious student of botany will derive great advantage from 
its perusal. The illustrations are beautiful, and what is more necessary true to 
nature. "— Nature. 

"The publication of the first part of the first English edition of Professor 
Kerner's PJlanzenleben is an event of considerable importance to the many 
English readers to whom the German original may be inaocessible. Professor 
Kerner's work is deservedly held in high repute as a scientific treatise on the 
life-history of plants, their forms, growth, reproduction, and distribution ; and It 
is certain that the handsome English form of the Pjflamenleben, which faithfully 
reproduces the text and extremely instructive and beautiful illustrations of the 
original should be widely read both by students of botany and general reader."— 
Saturday Review. 

"When completed this will be a text-book of botany such as has never yet 
appeared in the EngUsh language, not only adapted to the general reader, but 
;5k\?*!"'*^^® "^J?,,**i^^ scientific botanist who desu-es to keep abreast of his 
'iSiucedinthlBc^^'tr^'^S-lie^^^^^^^ ^^««P^** ^*^"**«^ ^^''^ *^ 
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BLACKIE'S SCIENCE TEXT-BOOKS. 

SUITABLE FOR SCIENCE AND ART AND OTHER 
EXAMINATIONS. 

ADVANCED SERIES. 

Elementary Text-Book of Dynamics and Hydrostatics 

{Theoretical Mechanics, Elementary and Advanced). By R. H. 
PiNKBRTON, B.A., Balliol College, Oxford; Lecturer, Univewity 
College, Cardiff ; Examiner, Glasgow University. F'cap 8vo, cloth, 
3«. 6rf. 

"The subject is treated mathematically, but the mathematical knowledge 
required for an intelligent perusal of the book is limited to elementary algebra 
and trigonometry. The fundamental units are thoroughly well explained, and, 
which is saying a great deal, they are used consistently throughout. Every 
important proposition is followed by a number of good examples fully worked 
out, and many others are given as exercises. ... It is thoroughly conscientious. 
In fact, from a mathematical point of view, the book leaves nothing to be 
desired. "— Nat u re. 

"It contains all those parts of the subject which can be treated without a 
knowledge of the higher branches of pure mathematics. The matter is arranged 
in accordance wHh the most modem ideas, and the preliminary chapters on 
kinematics and the principles of dynamics and statics are very carefully written, 
the definitions and proofs being clear and the explanations ample."— Journal of 
Education. 

'• ' Dynamics ' is a term now generally understood as the science of force. Con- 
sequently, this work includes statics, the whole forming what was formerly 
known as mechanics. After a careful perusal of the book, we can confidently 
recommend it. It bears the mark of great care in explaining principles." — 
Education. 

" This text-book may be read with advantage by candidates for the London 
Matriculation and Inter. Science and simOar examinations. It will be found of 
great value to backward students."— University Correspondent. 

Hydrostatics and Pneumatics. By R. H. Pinkerton, b.a., 

Balliol College, Oxford; Lecturer, University College, Cardiff; 
Examiner, Glasgow University. Crown 8vo, cloth, 4«. 6rf. 

" This is a good and complete work on the subject. It is a successful attempt 
to produce a book suitable for students who have not been through a course in 
mechanics. . . . Mr. Pinkerton writes in a clear and interesting style, the 
various propositions being well explained Numerous examples are attached to 
each chapter, and a complete set of answers is given at the end. The book is 
well printed and illustrated. . . . We have no hesitation in recommending 
this work to students and teachers."— Journal of Education. 

" In Mr. Pinkerton's treatise we find a somewhat more extensive treatment of 
the subject than is usually met with in an elementary work. ... He provides 
us with a manual likely to be very useful to the student who wishes to acquire a 
fairly wide knowledge of the subject, without the formal use of infinitesimal 
methods. A good feature of the work also is the free employment of experi- 
mental illustrations and verifications, and the elaborate and clear illustration of 
apparatus. Both these points are noteworthy, when we consider how many 
otherwise good text-books suffer from the defects which are here successfully 
avoided."— Educational Review. 

"The author is especially clear in his explanations, and his remarks are in 
many cases accompanied with diagrams ana illustrations, which are alwavs of 
great help to the reader studying the subject for the first time. As a text-book 
for science schools, and suitable for those wishing to get a thorough insight into 
the subject, the book will be sure to find favour. "—Nature. 
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SCIENCE TEXT-BOOKS. Advanced Series— Cor?.^. 

"As is usual throughout this excellent science series, every effort is made to 
assist the student by the adoption of the simplest language and by leaving no 
point unexplained. "—Daily Chronicle. 

" To the science student who has neglected his mathematics, such a text-book 
should prove invaluable."— Educational Times. 

A Text-Book of Heat. By Charles H. Drapbb, b.a., D.Sc.Lond., 
Headmaster of the Boys' High School, Woolwich. Crown 8vo, 
doth, is. 6d. 

"Dr. Draper has furnished us with a Text-Book of Heat, well suited for 
students in science colleges. Instead of the usual chapter or so, one-third of the 
book is devoted to the principles of thermodynamics. Hie work is complete, 
precise, and up to date. . . . The principles of thermodynamics are treated in 
a simple mathematical manner, and are worthy of the study of all students 
having a slight knowledge of the calculus. What makes this part of the work of 
especial value is the fact that Dr. Draper has wisely illustrated all his formulae 
by numerical examples. Thus a beginner can appreciate that the theoretical 
results have a practical value, besides knowing how to apply the formuln to 
specific cases that may arise. The illustrations— one hundred and twenty-eight 
in number— are excellent and useful. We heartily congratulate Dr. Draper on 
his book, and trust that it may meet with the success that it deserves."— Journal 
of Education. 

" We have already called attention to the excellent series of elementary text- 
books on different branches of science which are being issued by this Ann. A 
high standard is maintained, and the authora do not content themselves with re- 
arranging the contents of existing lK)oks and peroetuating their errors. Dr. 
Draper has produced an excellent introduction to the subject, having consulted 
origmal authorities, and, at the same time, cared for the needs of practioU 
students. Illustrative examples abound."— Oxford Magazine. 

" This is a very good text-book. It contains all the facts and methods which a 
text-book of heat Is expected to contain, and also many which have not hitherto 
usually been given, but without which the text-book of the future vrill hardly be 
considered complete. ... In this book, the very latest and best methods are 
given in nearly every case, and are generally illustrated by figures which are not 
mere diagrams, but convey a good idea of the apparatus actually used."— 
University Correspondent. 

"Dr. Draper has endeavoured in the present volume to dispense, as far as 
possible, with higher mathematical problems, but in following out this plan he 
has not sacrificed scientific method. Up to a certain point, of course, he can 
carry us without the higher branches of mathematics, but it needs great skill, 
and we are glad to say that he has contrived to i>erform this task with most 
tuigible and happy results."— Educational Review. 

" This is an excellent introduction to the study of heat, profusely illustrated, 
and well adapted to non-mathematical readers."— Educational Times. 

" The whole book is clear and concise to a degree, and not the least interest- 
ing and valuable part of it will be found in the many illustrations."— Daily 
Chronicle. 

The Arithmetic of Magnetism and Electricity. By Robert 

GuNN, Science Lecturer, Glasgow School Board. F'cap 8vo, doth, 
28. Qd. 

"Will be found very useful by advanced students, and is certain to have an 
exceUent effect on the accuracy of their work."— University Correspondent. 

"The arithmetical exercises are as they ought to be, both numerous and 
oomprehensive, for only by a variety of illustrative exercises is it possible to 
^^*!f "^^^^ impress upon the mind the meaning of the fundamental Uws under- 

ing any science."- Practical Engineer. 
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SCIENCE TEXT-BOOKS. Advanced Series— Cow/rf. 

" In Mr. Robert Gunn's Arithmetic of Magnetism and Electricity the student is 
provided with an easy and intelligent means of solving the arithmetical questions 
contained in the examination papers in the advanced stage of the Science and 
Art De*partment. There are examples for illustration, and exercises (with 
answers). It is by far the most useful book of the kind we know."— National 
Observer. 

"A small text-book treated quantitatively, with numerous arithmetical ex- 
amples. It appears to be very accurate."— Athenaeum. 

An Elementary Text-Book of Physiology {Elementary and 

Advanced). By J. M'Gregor-Robertson, m.a., m.b., Lecturer in 
Physiology, Queen Margaret College. F'cap 8vo, cloth, 48. 

'A good system of arrangement and clear expressive exposition distinguish 
this book. Definitions of terms are remarkably lucid and exact."— Saturday 
Review. 

" All who wish to acquire anything short of a professional acquaintance with 
physiology will, we are sure, find all they need set forth here in a very interesting 
and attractive way. Diflference in type is skilfully used to distinguish the ele- 
mentary from the more abstruse sections, and copious and well-executed illustra- 
tions aptly elucidate the text."— Glasgow Herald. 

" It is written with a fulness of knowledge, and illustrated with a copiousness 
of illustration, that make it almost a medical text-book. For any purpose, short 
of professional knowledge, it is an adequate manual. For its special purposes it 
is admirably adapted."— Educational News. 

'* That the book really is a readable one there can be no doubt, and for style 
and general accuracy it is very satisfactory . . . the author is to be congratulated, 
and especiaUy so upon his treatment of certain leading topics."— Nature. 

" A clear, well illustrated, and sound introduction to this science. '—University 
Correspondent. 

"Dr. Bobertson writes physiology for beginners, but he writes as one who 
knows the latest on the subject, and is all the more intelligible for such know- 
ledge. The text is admirably clear, and it is profusely illustrated with woodcuts, 
which are well executed."— The Lancet. 

The Student's Intpoduetory Text -Book of Systematic 

Botany. By J. W. Oliver, Lecturer in Botany at the Birmingham 
Municipal Technical School. Crown 8vo, cloth, 4«. 6rf. 

" This little book fulfils in a very excellent manner the main requirements of a 
student's text-book. It contains in a condensed yet clear form the cardinal facts 
of vegetable morphology, set forth in logical order and lucid style. The author 
has wisely chosen the natural and sensible method of commencing with the lowest 
forms of vegetable life, and tracing the gradual evolution of the plant upwards to 
its most complicated fonns, and he has further given excellent descriptions of 
readily accessible types, so that the student will easily be able to verify for him- 
self all the more important statements. The book is, moreover, copiously and 
well illustrated. . . . For the student for whom it is written it lis calculated to 
be of great service, and we can most cordially recommend it. "—Oxford Magazine. 

"Mr. Oliver evidently intends that hiis book should supply the needs of 
students working for the advanced certificate of botany. He nas certainly sup- 
plied abundance of matter— nearly four hundred pages closely printed— and we 
think that he has adopted the right method of treatment, namely, that of ascend- 
ing from the simplest to the most complicated vegetable organisms. The histolc^y 
of plants has received careful attention, and the illustrations relating thereto are 
very presentable. Mr. Oliver has not spared himself in preparing the index, 
which is exceptionally full and judiciously arranged." — Science and Art. 

" The author's long and successful experience as a teacher has enabled him to 
judge with accuracy as to what is most needed, and in the selection of the matter, 
as well as in its arrangement, he has provided the student with a work which he 
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SCIENCE TEXT-BOOKS. Advanced Series— Owi^. 

Virill find invaluable in the early stages of his study. The diagrams are very 
numerous, and are beautifully executed."— Educational News. 

"It is an admirable and scholarly manual, and as such is certain to make its 
own welcome m science classes as well as in the higher forms of schools. Illustra- 
tions and diagrams are freely inserted in the text, and serve to render its explana- 
tions clear." — The Speaker. 

" We have much pleasure in recommending it to students about to enter on 
advanced systematic work. . . . The illustrations are beautifully clear, and are 
worthy of special attention."— University Correspondent. 

"In short, this new introductory manual to systematic botany— which, by the 
way, is very well illustrated— seems to us to form an admirable text-book."— The 
Lancet. 

Earth-Knowledge. A Text-Book of Physiography. By W. Jerome 
Harrison, f.g.s., and H. Rowland Wakefield. 388 pages, f cap 
8vo, cloth, 3#. Also in Two Parts: Part I., Is. 6rf.; Part XL, 2«. 

"There can be no doubt about the usefulness of the book ... it is exceUent." 
—Nature. 

"The matter is at once so simply and so skilfully presented that the book will 
be found a useful introduction to science in general. —Glasgow Herald. 

" The Earth Knowledge of Messrs. Harrison and Wakefield is an honest and 
readable treatise on the science of physiography."— Knowledge. 

" Sure to do some practical good to teachers as well as learners."— Athenaeum. 

" This is an extremely valuable and interesting little book. It is the work of 
practical teachers who are at the same time sound scientists. The geological 
portions of the book are eminently reliable and quite up to the most modern 
style of knowledge. We have tested the information by the most recent utter- 
ances of our savants, and as a result, can confidently recommend the work."— 
Practical Teacher. 

A Text-Book of Orjpranie Chemistry. By A. Bernthsen, Ph.,D. 

formerly Professor of Chemistry in the University of Heidelberg. 

Translated by George M 'Go wan, Ph.D. New Edition. Crown Svo^ 

cloth, 7«. 6d 

"This excellent treatise has been admirably translated, and a very useful addi- 
tion has been made to the English scientific student's library. As far as we have 
tested it is accurate, and it is certainly sensible in arrangement and lucid in 
style."- Lancet. [See also page 2. 

Desehanel'S Natural Philosophy. An Elementary Treatise 
based on the TraiU de Physique of A. Privat Desohanel, by Pro- 
fessor J. D. Everett, m.a., d.cl., f.r.8. ISth Edition. Medium 8vo, 
cloth, 18«.; also in Parts, limp cloth, is. 6d. each. [See also page 2. 

Part I.— Mechanics, Hydrostatics, &c. I Part III.— Electricity and Magnetism. 
Part II.— Heat. | Part IV.— Sound and Light. 

" Probably the best book on experimental physics we possess. "—Academy. 

" Systematically arranged, clearly written, and admirably illustrated, it forms 
a model work for a class in experimental physics."— Saturday Review. 

Elementary Text -Book of Physics. By Professor Everbtt, 

M.A., D.O.L., P.R.8. Seventh Edition. F*cap Svo, cloth, 3«. 6rf. 

" After a careful examination we must pronounce this work unexceptionable, 
both in the matter and the manner of its teachings."— Journal of Science. 

"This book of 300 pages well fulfils the author's intention of providing an 
elementary text-book which may especially serve as an introduction."— Nature. 

"For the numerous class who wish to learn something of the main facts o* 

vsica, this work will be found eminently serviceable."— Athenasum. 
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BLACKIE'S SCIENCE TEXT-BOOKS.— Gontd, 

ELEMENTARY SERIES. 

Descriptive Geometry: including Chapters on Plane Geometry 
and Graphic Arithmetic. By Alex. B. Dobbib, b.Sc., "Young" 
Assistant to the Professor of Civil and Mechanical Engineering, 
Glasgow University. Crown 8vo, cloth, 2«. 6d. 

" A little book possessing many good points, and one upon which great pains 
have evidently been spent. There are about 350 diagrams in the book, all of 
which have been carefully designed by the author. The diagrams and explana- 
tory text are both extremely clear, and the problems well arranged. Elementary 
coui'ses in plane geometry and graphic arithmetic are included, and add to the 
value of a book which we confidently recommend to the notice of teachers."— 
Nature. 

" Special features are Section II., giving the definitions of solid geometry in a 
masterly way, the reduction of the number of problems to a minimum, and the 
clever and elaborate diagrams which have been designed by the writer himself. 
Sections V. and VI. give introductions to the subjects of plane geometry and 
graphic arithmetic."— Speaker. 

''Includes elementary courses in plane geometry and graphic arithmetic, and 
forms a useful and valuable addition to the series in which it appears."— 
Scotsman. 

" Mr. Bobbie's is an excellent little book of an elementary kind, in every way 
suited to the use of students beginning the subject."— School Guardian. 

First Mathematical Course. Containing Arithmetic, Algebra, 
and Euclid. F'cap 8vo, cloth, with Answers, 28.; without Answers. 
Is. 9d.; Answers separate, Qd. 

"A capital handbook for junior students."— Academy. 

"The value of the work depends chiefly on its exercises; and the collection is 
admirably suited to the purpose for which it is intended. "—Scots Observer. 

"The explanations are necessarily condensed, but are clear and sufficient 
The very large number of exercises and problems greatly increases the value of 
the book."— Educational Times. 

Theoretical Mechanics (Solids and Liquids). By K. H. Pinker- 
ton, B.A., Balliol College, Oxford. F'cap 8vo, cloth, 2«. Third Edi- 
tion^ suited to the amended Sylldbus. 

" Well suited for candidates in the Science and Art examinations. It contains 
a vast number of capital exercises (with answers) for the student, with illustra- 
tive examination papers by which to test his progress."— National Observer. 

" The book may be used with profit by all elementary students of the subject. 
Many examples, some of which are fully worked out, and a selection of questions 
from the examination papers of the Department and the London Matriculation 
are given."— Educational Times. 

"The book is replete with carefully worked out examples, so that the student 
is largely independent of a teacher. Like all the works of this series we have 
seen it is admirable. It is clear, concise, and practical, and well calculated to 
meet the purpose intended. "—Practical Eng^ineer. 

" The proofs are given in a clear and logical manner, and many fully worked 
out problems are added to the proofs to illustrate the pilnciples enunciated. 
The engravings and diagrams are most abundant and admirably adapted to aid 
the pupil in his study. We can speak of the volume in high terms, and can 
strongly recommend it to the notice of those who take an interest in theoretical 
mechanics, either as teachers or students. They will find the book a veritable 
aid to a sound understanding of the subject. "—Schoolmaster. , 
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SCIENCE TEXT-BOOKS. Elementary Series— Coti^. 
An Elementary Text -Book of Applied Mechanics. By 

David Allan Low (Whitworth Scholar), M.in8t.M.E. F'cap 8vo, 
cloth, 2#. 

••A trustworthy and in all respects an excellent text -book. " — Practical 
Teacher. 

"This is an excellent little text-book. . . . The diagrams are especially 
good, and the descriptive portions accompanying them are clear and concise. A 
striking and most useful feature will be found in the unusually large number of 
examples following each chapter, typical examples also being worked out between 
the articles. . . . The book is one which can be recommended, and will no 
doubt be well received by teachers and students alike."— Nature. 

"This is a very suitable text-book for students who are preparing for the 
examinations of the Science and Art Department in applied mechanics. Care- 
fully arranged exercises follow each chapter. The diagrams are clear and intelli- 
gible."— Educational Times. 

" The chapters are very full and accurate, and illustrated by an abundance of 
questions, some of which are solved as models, while the others are left for the 
pupil's practice. "—School Guardian. 

" We commend it highly for its clear and concise arrangement and method of 
exposition, and for the large number of well-chosen examples which are to be 
found in it, and think it will be useful to a lai^e class of students." —Industries. 

Outlines of Natural Philosophy. (For subject AiterrMtivc 

Pkygics.) By Professor J. D. Everett, m.a., d.cl., f.r.s. F'cap 8vo, 
cloth, is. 

**It possesses all the systematic arrangement and lucidity of the author's for- 
mer publications, and the illustrations, which are abundant, leave nothing to be 
desired."— Athenaeum. 

"A class-book that teachers will assuredly welcome for its lucid dealing with 
the various branches. Special attention is devoted to electricity."— Daily 
Chronicle. 

" A text-book of high merit and utility."— Scotsman. 

" The author has succeeded in avoiding technicalities, as far as is possible in a 
book of this description; the explanations are concise and at the same time, with 
very few exceptions, quite full enough."— Literary World. 

" Mr. Everett writes clearly as well as exactly, and his teaching is still further 
simplified and aided by the introduction of as many as 216 engravings on wood. 
The book is admirably fitted to popularize a difllcult but most valuable study."— 
Daily Review. 

" The explanations are admirably lucid; there is a careful avoidance of techni- 
calities; and in every branch of the science the very best methods have been 
adopted to ensure a thorough grasp of the subject on the part of the student" — 
School Board Chronicle. 

Light, Heat, and Sound. By Charles H. Draper, D.Sc.Lond., 
Headmaster of the Woolwich High School. F'cap 8vo, cloth, 2«. 

"Evidently prepared with great care."— University Extension. 
"A well printed and neatly illustrated book. The statements are clear and 
accurate. We can cordially recommend it. "—Practical Teacher. 
^ " A valuable addition to Blackie's series of science text-books. . . . For 
•ilness, accuracy, adaptabiUty to its purpose, and we may add cheapness, we 
ongly recommend this useful text-book.^'— Schoolmaster, n ^^M^ 
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SCIENCE TEXT-BOOKS. Elementary Series— CWrf. 

Masrn6tism and Eleetricity. By W. Jebomi Harbison and 
Chablbs a. Whitb. F'cap 8vo, cloth, 2a. 

" We should award this volume a high place among books of its class. The 
chapter on 'Potential' is specially to be commended."— Education. 

" The subject is so gradually and so simply developed that it requires com- 
paratively little effort to follow and to master the reasoning."— Educational 
News. 

Elementary Inorganic Chemistry. Theoretical and Practical. 

With examples in Chemical Arithmetic. By Professor A. Humboldt 
Sbxton, P.B.8.B., P.I.O., p.cs. Fcap 8vo, cloth, 2«. 6rf. Specially 
corrected to meet the 1894-95 Syllabus. 

"Oeneral principles are clearly laid down, and particular attention is devoted 
to the important subject of chemical arithmetic."— Daily Chronicle. 

" A very well arranged and carefully wiltten volume, and so far as it goes is 
admirably adapted to impart a sound knowledge of the general laws of the science 
and of the nature and properties of many of the commoner substances. The 
laws and generalizations are stated in a very clear and intelligible manner, any 
exceptions to the general rules being noted, but no attempt being made to strain 
any facts so as to make them conform to general rules."— Pharmaceutical 
Journal. 

" Chemical Physics and Arithmetic receive a greater amount of attention than 
is usual in such books; and the exercises, experiments, and questions are well 
selected."- National Observer. 

" Provides a very thorough course of study in all that is usually understood by 
' elementary chemistry'. ... In every respect the work is admirably adapted 
to the needs of students. The chapters on chemical arithmetic are especially 
full, the author giving due recognition to the importance of numerical work."— 
School Board Chronicle. 

"The book seems to us to be well up to date^ and, in conunon with othw 
volumes of the series, is very clearly printed. It is a welcome addition to a 
valuable little series."— Educational Review. 

Chemistry for All, or Elementary Alternative Chemistry in accor- 
dance with the Science and Art Syllabus. By W. Jbbomb Habbison, 
F.Q.8., and R. J. Bailky. Fcap 8vo, cloth, 1#. 6rf. 

" The matter contained in the book is accurate, well arranged, and tersely 
expressed. We can recommend this Chemistry as one of the best, if not the best, 
of its kind we have seen."— Journal of Education. 

"Without the use of symlK)ls and formulee, the student will acquire from this 
work a very fair knowledge of the subject, sufficient to enable him to pass on 
without difficulty to the study of other sciences."— University Correspondent 

" The little book before us might with profit be placed in the hands of all those 
desirous of a sound acquaintance with the rudiments of chemical science. It is 
clearly and simply written, the introduction of perplexing symbols and formula 
has been avoided, and many of the experiments, as will be obvious to the intelli- 
gent reader, may be performed with the simplest of materials."— Lancet. 

" Chemistry for AU \a the title of an admirable little primer which deals in a 
clear and practical way vrith the elements of one of the most attractive branches 
of science. . . . The young student is not intimidated at the outset by the forbid- 
ding hieroglyphics which bar the gates of knowledge in most books on chemistry. 
Yet the treatise is the reverse of superficial, and those who master it will have 
reason to congratulate themselves on having left behind the initial difficulties of 
the science. The diagrams and other illustrations are not only numerous, bv^ 
of exceptional merit."— The Speaker. 
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SCIENCE TEXT-BOOKS. Elementary Series— Contd. 
A Course of Qualitative Chemical Analysis, Inoboanio and 

OBGANia (Elementary and Advanced,) By Edgar E. Horwill, 
F.as., Lecturer in Chemistry at the Pupil Teachers' Centre, Battersea. 
F'cap 8vo, cloth, 2«. Specially corrected to meet the 1894-95 SyUabus. 

" We have been much struck with this little book. The method of approaching 
the subject has the merit of originality; the arrangement is clear, the directions 
concise, and the hand of the practical and experienced teacher plainly visible. 
Science teachers in search of a book on qualitative analysis are strongly recom- 
mended to see this little work."— Journal of Education. 

*' Amongst smaller school-books which call at least for a passing word of heartv 
recognition is Qualitative Chemical Analysuf, by Mr. Edsar Horwill, a text-book 
which gives, in addition to exact information on the methods of chemical analy- 
sis, many valuable hints to beginners."— The Speaker. 

"The book is simply, clearly, and practically expounded in a manner that 
should meet the needs of any beginner in chemistry. —Scotsman. 

"The book is thoroughly practical, and does credit to the author."— Science 
and Art. 

An Elementary Text-Book of Geology. By w. Jerome Har- 

RisoN, F.G.8., Joint- Author of " Earth-Knowledge ", &c. Fcap 8vo, 
cloth, 2«. 

" A clearly written, compact manual for elementary study of geology, and one 
that commends itself to the scientific educator as well as to the scientist. The 
opening chapters on the basis of geology are exceedingly satisfying, and the 
arrangement of material throughout the book can hardly be improved. —Journal 
of Education. 

" This is one of Blackie's ' Science Text-books ', and one of the roost excellent 
specimens of that class of book that the beginner could have the good fortune to 
meet with. A text-book usually tries to convey such a mass of information in a 
small compass that it is bound to more or less pervert the truth by the mere pro- 
cess of compression. Mr. Harrison has aimed at giving a vride, rather than a 
full knowledge of his subject. In his definitions and explanations, he has taken 
the greatest care really to meet the difficulties of the beginner, and has not been 
content with hackneyed phrases."— Spectator. 

'* Singularly lucid in its explanations, and there is a crisp conciseness about 
Mr. Harrison's style which makes us feel that we are in company with a teacher 
who is successful as well as experienced."— Education. 

" The book is exceedingly well put together, and is the best text-book in this 
branch of science for the b^^ner we have yet come across."— Literary World. 

'* A good example of careful condensation and arrangement; small as the book 
is there is a unitv about it, and the methodical hand of the teacher is apparent 
throughout."— School Guardian. 

Elementary Physiology. By Vincent t. MuRCHfi. F'cap Syo, 

cloth, 2s. 

" We can confidently recommend this most admirable work." — British Medical 
Journal. 

" This manual is so simply worded, and yet so packed vrith information that it 
will be found of the greatest use to young students. The sections are suitably 
divided, and the four paits into which the book is split up are convenient for 
study. There is an admirable feature about this little work which alone makes 
it of unusual value ; whUe the diagrams are printed in black, the names of the 
several parts illustrated are printed in red."— Education. 

i.A7*f^ *®.*^^»,*^ *^ sound, concise, and up to date, and the care with which the 
little book is Illustrated, leaves little to be desired either bv teacher or pupil"— 
Hospital Gazette. *^ *^ 
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SCIENCE TEXT-BOOKS. Elementary Series— Contd, 

Elementary Botany. By Joseph W. Oliver, Lecturer on Botany 
and Greology at the Birmingham Municipal Technical School F'cap 
8vo, cloth, 28. 

" Each part is well and carefolhr treated, the illustrations being particularly 
good, though a large number have done good service before."— University Corre- 
spondent. 

" The subject is clearly set out, and the book will certainly suit the require- 
ments of those students for whom it is Intended." — Educational Times. 

*' This well-written little manual bears a strong family likeness to the other 
-volumes of the series in the matter of admirably clear illustrations, pleasant type, 
and good paper. Mr. Oliver deals first with general morphology, next with the 
anatomy of plants, and then with their physiology. From this point he proceeds 
to deal with flowers— their morphology and physiology— and m the concluding 
chapters we have the classification and (description treated. The illustrations arc 
very plentiful, and there is a capital index. "--Education. 

"The book is a credit to both author and publishers. It is distinguished bj 
accuracy, by remarkable clearness of statement, and, for its size, by great fulness. 
The paper and print are all that could be desired, and the illustrations are excel 
lent. ... It is an enormous advantage to the young student to be able to obtair 
in so small a compass, and for so low a price, the newest information upon criticaj 
points. This feature alone places this little work far ahead of aU competitors, 
and as its merits become known, it will be 'just the book I wanted' to both, 
teacher and student . . . We strongly recommend to all concerned this capital 
elementary botany, as providing not only a sure road to a ' pass ', but also as 
securing a sound knowledge of this interesting science." — Schoolmaster. 

*' May without exaggeration be pronoimced to be one of the best of our existing 
elementary treatises on botany." — Midland Naturalist. 

Elementary Text-Book of Coal Mining. By Robert Peel, 

Mining Engineer, Member of the North of England Institute of 
Mining and Mechanical Engineers, and of the British Society of 
Mining Students. With many illustrations, and a coloured Map of 
the Coal Fields. F'cap 8vo, cloth, 2a. 6d. 

" Elementary students of coal mining will find Mr. Peel's book a very excellent 
guide in their early studies, and even advanced students may refer to it with 
advantage. It deserves a place in all collections of mining literature." — Science 
and Art of Mining* 

" The volume will be found extremely useful, and we have pleasure in recom- 
mending it not only to those students who are desirous of becoming colliery 
managers, but to all underground workers, for whom a knowledge of the nature 
of their hazardous employment may be said to be absolutely necessary. The 
book is well illustrated, and a useful glossary of mining terms has been added by 
the author."— Coal and Iron. 

"Mr. Peel's class-book is the best we have seen, and will prove of the greatest 
service, as we have already suggested, to both the engineering student and the 
working miner himself."— Daily Chronicle. 

" We can recommend this admirable text-book to all who are entering upon the 
study of the theory of coal mining."— Colliery Manager. 

" There is a completeness and a common sense about this book which we could 
wish to see repeated in many similar text-books. . . . We would recommend 
natural science teachers, teachers of commercial geography, and the like, to make 
themselves acquainted with Mr. Peel's excellent manual, in order that they may 
occasionally bring before their pupils a reswni of the great coal industry of this 
country, and in doing this they will be much helped by the clear diagrams which 
are contained in the work, and could be very easily reproduced upon the black- 
board. "~The Educational Review. 
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SCIENCE TEXT-BOOKS. Elementary Series— Co»^. 

" This little book is written on the right lines. Its author is an engineer who 
has in his own person proved the value of a grasp of principles in carrying out 
practical colliery work. He moreover seems to have had some experience in 
teaching, and it is probably to this that he owes the clearness of statement and 
sense of proportion which form a special merit of his handbook. At any rate, 
he has supplied elementary students of coal mining with an excellent introduction 
to the larger and more extensive treatises on the subject. The illustrations are 
in keeping with the text— simple, intelligible, and without unnecessary detail."— 
Athenaeum. 

Elements of MetallUP^. By W. Jerome Harrison, f.g.s., and 
William J. Harrison, Jun. Fully illustrated, 260 pages. F'cap 
8vo, cloth, 2s, 6d. [Just Published. 

Earth Knowledge. Part I. A Text-Book of Elementary 
Physiography. By W. Jerome Harrison, f.6.s., and H. Rowland 
Wakefield. F'cap 8vo, cloth, Is. 6d. 

See reviews under Earth Knowledge on page 6. 

Elementary Agriculture. Edited by R. P. Wright, Professor 
of Agriculture, Glasgow and West of Scotland Technical College. 
F'cap 8vo, cloth, Is. 6rf. 

" It is as useful and trustworthy a little treatise of the kind as we have seen." 
— Nature. 

" As a text-book it is thoroughly trustworthy. Professor Wright has compiled 
the matter with great care and marked ability."— Irish Farming World. 

" We have pleasure in bringing this useful little work before the notice of 
those readers who have written to us for guidance as to the books they should 
study. It is especially suited for that large body of students who have to get on 
as best they can without * class ' teaching, and by them the examination papers 
wiU be found most valuable." — Farnn and House. 

•'There must be hundreds of schools, in purely rural districts, to whose educa- 
tional curriculum such a hand-book as this must be specially suitable."— School 
Board Chronicle. 

Elementary Hygiene. By H. Rowland Wakefield, Science 
Demonstrator, Swansea School Board, Joint- Author of Earth-Know- 
ledge^ &c. F'cap 8vo, cloth, 2s. 

"After careful examination, we are glad to say that this work is not only 
accurate but embraces many of the latest ideas on these subjects. The suggestive 
chapters on school hygiene should be of interest to every teacher. A good 
system of arrangement and clear exposition are noteworthy features of the 
book. The illustrations are thoroughly good and suited to the text.'*— Journal 
of Education. 

** There can be no doubt as to the educational value of this lucid, orderly little 
work, which, moreover, can be cordially recommended to those who have no fear 
of examiners before their eyes. It is as interesting and easy to read as many a 
popular magazine."— Guardian. 

"This is one of the very best elementary text-books of hygiene. It is clearly 
aiid sensibly written, up to date, and well illustrated. The chapters on construc- 
tion of dietaries, school epidemics, and school furniture are especially excellent" 
—Educational Times. 

"A capital little book, and useful to everybody."— Educational Ne«vs. 
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GUIDES TO THE SCIENCE EXAMINATIONS. 

A Series of Aids for Students preparing for the Examinations of the 
Science and Art Department, with Hints how to work the Papers, 
and Answers to Questions. Edited by W. J. Habbison. Answers 
by leading Specudists in the respective subjects. 

ELEMENTARY BEBIES— 6d. each. 



Applied Mkohanios (Ans. 1884-94). 
Thkorbtical Mechanics (1887-94). 

BOTANT (Ans. 1884-94). 

Physiology (Ana. 1884-94). 
Physiography (Ans. 1882-04). 
Agriculture (Ans. 1884-94). 
Mining (Ans. 1884-94). 
Metallurgy (Ans. 1888-04). 



MAGNETISM AND ELECTRICITY (Ans. 
1883-94). 

Chemistry (Ans. 1882-94). * 

First Stage Mathematics (188S-94). 

Alternative Chemistry (Ans. 1887-94). 

Geology (Ans. 1883-94). 

Sound, Light, and Heat (Ans. 

1886-94). 
Hygiene (Ans. 1886-94). 



ADVANCED SERIE8-8d. each. 



Agriculture (Answers 1885-1894). 
Chemistry (Answers 1886-1894). 



Physiography (Answers (1884-94). 
Hygiene (Answers 1886-94). 
Heat (Answers 1881-94). 

Test Papers in Mathematics. Adapted to the requirements of 
Stage L of the Science and Art Department. Arranged by B. 
RoBEBTS. 32 Papers— 480 Examples. Price 6(i. 



CHEMISTRY DEMONSTRATION SHEETS. 

These present in bold outline the Apparatus used in the experiments of 
a First Course, and underneath each Diagram is set down the 
ChemUal Formvla of the experiment. Eight sheets in the Set^ 
printed on strong manilla (37'' x 28"), on rollers ; each sheet, 3s. 6c{. 
The following iare the several sheets : — 

Sheet l. Preparation of Oases : H, COj, H^. 

„ 2. Preparation of Nitrc^en from Air and from Ammonia. 

„ 3. Preparation of Hydrogen from Steam. Metals which decompose 

steam at a red heat— Fe, Mn, Cr, Zn, Ni, €k>. 
,. 4. Preparation of Nitrous Oxide, and Preparation of Nitric Oxide. 
,, 5. Manufacture of Sulphuric Acid Demonstrated. 
„ 6. Gravimetric Composition of Water. 
;, 7. Volumetric Composition of Gases H^O, HCl, N3O. 
„ 8. Equivalence, Valency, or Atomicity Table. 

Reduced facsimiles and full Prospectus on application. 

" We have no hesitation in saying that they are just what is wanted, and we 
strongly recommend teachers to avau themselvef of the great aid thus afforded 
at a comparatively small expense. Such figures huug on the walls of lecture- 
rooms, so as to frequently present themselves to the eye of the student, will tend 
to fix in his memory the ideas and facts which it is the object of the charts to 
convey." — Science and Art. 
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BLACKIE'S SCIENCE FOR BEGINNERS. 

Agriculture for Beginners. 144 pp., cloth, la. Also in three 
Farts, paper 3d.; cloth, 4d. each. 

Chemistry for Begrinners. By W. Jerome Harrison. 144 pp., 
cloth, 1«. Also in three Parts, paper, 4rf.; cloth, 5d. each. 

Animal Physiology for Beginners. By Vincent t. MurchA 

144 pp., cloth. Is. 6d. Also in Parts. Part L, paper, id.; cloth, 5d. 
Parts II. and III., paper 5d.; cloth, 6d, each. 

Mechanics for Beginners. 220 pp., cloth, la. 6rf. Part I., 

paper, id.; cloth, 5d. Parts IL and III., paper, 5d.; cloth, 6d. 
' each. 

Botany for Beginners. By Vincent T. MuRcni:. 144 pp., cloth, 
la. Also in three Parts, paper, Bd.; cloth, id. eacL 

Magnetism and Electricity for Beginners. By w. G. 

Baker, m.a. 144 pp., cloth, la. Also in three Parts, paper, Bd.; 
cloth, id. each. 

SCIENTIFIC AND TECHNICAL TREATISES, 

HANDBOOKS, &c. 

The Movements of Respiration and their Innervation in 

the Rabbit. By Max Marckwald, m.d. Translated by Thomas 

Arthur Haiq. Illustrated. Super-royal 8vo, cloth, lOa. 

" . . . Possesses so many points of importance which have hitherto been 
overlooked, that we tliiuk all persons interested in this branch of medical science 
should obtain it. The book contains quite a number of charts, all of which are 
well executed and appropriate, which is a good deal more than can be said of 
many similar works. —University Medical Magazine. 

"The book is wonderfully well illustrated by tracings and its value is greatly 
enhanced by their clearness and carefid execution. We sincerely hope that aU 
interested in nervous mechanisms, even elsewhere than that of respiration, may 
show their appreciation of the work. Many lines of original research open 
themselves after a perusal of its pages, and questions of vital interest are 
answered with clearness and exactitude."— International Journal of the 
Medical Sciences. 

The Natural History of Plants: Their Forms, Grovirth, Repro- 
duction, and Distribution. From the German of Anton Kernsr 
VON Marilaun, Professor of Botany in the University of Vienna. 
Translated by F. W. Oliver, m.a., d.Sc., Quain Professor of Botany in 
University College, London, with assistance of Marian Busk, b.Sc., 
and Mary Ewart, b.Sc With about 1000 original Woodcut Illus- 
trations and Sixteen Plates in Colours. Issued in Sixteen Parts 
imperial 8vo, published monthly, price 2$. Qd. each net; also in four 
half- volumes, at intervals of four months, 12a. 6d. each net. [See p. 2. 
"Professor Anton Kemer, of Vienna, has long been recognized as one of the 
ablest exponents in Europe of the science of botany, and his PfianzenUhen is a 
standard work. . . . The irksome task of translation has been excellently 
accomplished, and in a manner which preserves the literary charm of the original 
text. Professor Kemer's book, though written on popular lines, is both schoUrlv 
and exact in statement, though needless technicalities have been avoided."— The 
epeaker. 
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SCIENTIFIC TREATISES, &c,-'CorUmued. 
Science Teaching* in Schools. By Henry Dyeb, ma. d.sc , &o. 

With Appendix containing Science Curriculft of various Educational 
Institutions. Crown 8vo, cloth, 2s. 

" It is pleasant to come across a book so sensible and shrewd as Dr. Henry 
Dyer's Science Teaching in Schools. "—The Speaker. 

"It is really worthy of publication, purchase, perusal, and attention."— 
Educational News. 

" Dr. Dyer's book deserves to be widely read, not only for its sound views on 
science teaching, but for the enlightened and generous view which he takes of 
education as a whole."— QIasgow Herald. 

" We recommend to candidates of all grades for the office of teacher his 
remarks on the place in education of experiments, examinations, and imagina- 
tion." — Athenaeum. 

"One can see that the writer has an intelligent idea not only of the subjects 
which should be included in a good scheme of education but also of the methods 
of instruction necessary to be adopted."— Schoolmaster. 

The Steam Engine: A Treatise on Steam Engines and Boilers. 
By Daniel Kinnkar Clabk. Two vols., super-royal 8vo, cloth, 
50«. net. 

"Mr. Clark's book is an improvement on former works in arrangement, in 
concentration, in selection of subjects." — The Engineer. 

" One of the most comprehensive treatises on the steam engine yet published, 
and may be relied upon as indicating the latest practice of engineers."— Iron. 

" A work of the greatest value to all interested in the construction and use of 
the steam engine. ... It will, we think, be found indispensable in engineer- 
ing works, and of the greatest value to the student"— The English Mechanic. 

" This treatise amply sustains Mr. Clark's reputation as an author. It is written 
in the same clear and accurate style that characterizes his other works, and as 
the bulk of the work and the numerous diagrams indicate, he has not, like many 
other writers on the steam engine, sacrificed clearness to brevity. The work is 
eminently a practical one. Altogether it is the most satisfactory general treatise 
on the steam engine which has appeared in the English language." -The En- 
gineering and Mining Journal (New York). 

A Manual of Rules, Tables, and Data, for Mechanical En- 

oiNEEBS. Based on the most recent investigations. By Daniel 
KiNNEAB Glare, author of ** Railway Machinery", &c. &c. Illus- 
trated with numerous Diagrams. Fourth edition, large 8vo (1000 pp.), 
cloth, IQs.; or half -bound, 20^. 

" The book supplies a want long felt by mechanical engineers. It constitutes 
the best volume of reference we know."— The Engineer. 

" We r^i;ard the book as one which no mechanical engineer ift regular practice 
can afford to be without."— Engineering. 

The Carpenter and Joiner's Assistant. By James New- 

lands, late Borough Engineer of Liverpool. Being a Comprehensive 
Treatise, theoretical and practical, on the selection, preparation, and 
strength of Materials, and the mechanical principles of Framing, 
with their applications in Carpentry, Joinery, and Hand Railing, &c. 
Illustrated by above 100 engraved Plates, and 700 figures in the 
text. Super-royal 4to, half -morocco, £2, 16«. 

" We know of no treatise on carpentry and joinery which at all approaches 
this in merit. . . . We strongly urge our practical mechanics to obtain and 
study it."— Mechanics' Magazine. 
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SCIENTIFIC TREATISES, &G.—Contmtisd. 

The Practical Measurer: A Series of Tables for the use of 
Wood Merchants, Builders, Carpenters, Joiners, Sawyers, Plasterers, 
Painters, Glaziers, Masons, Bricklayers, &c. With a treatise on the 
Mensuration of Superficies and Solids. Illustrated with Diagrams 
and Examples. By Alexander Peddie. F'cap 8vo, bound, 7s. 6d 

The Agriculturist's Calculator. A Series of Forty-five Tables 
for Jjand Measuring, Draining, Manuring, Planting, Weight of Hay 
and Cattle by Measurement, Building, &c. ; forming a complete 
Ready Reckoner for all engaged in Agriculture. 16th thousand. 
Fcap 8vo, bound, 98. 



MATHEMATICS. 

Euclid's Elements of Geometry. With Notes, Examples, and 
Exercises. Arranged by A. E. Layng, m.a.. Headmaster of Stafford 
Grammar School; formerly Scholar of Sydney Sussex College, Gam- 
bridge. Books I. to VI., with XI., and Appendix; and a wide 
selection of Examination Papers. Crown 8vo, 4s. 6d. 

Books I. to IV. in one vol., 2«. 6d. Book I., Is.; II., 6d.; IIL, 
Is.; IV., 6d.; V. and VI. together, Is.; XL, Is. 6d. 

KEY to Book I., 2s. 6d. ; to complete Euclid, 5s. 

The system of arrangement allows enunciation, figure, and proof to 
be all in view together. Notes and Exercises are directly appended 
to the propositions to which they refer. 

" The demonstrations are neatly and concisely put, with a line for each step 
in the argument, and we detect no violence done to the text. . . . From ita 
excellent arrangement, and the beauty of the type and dif^ams, we should think 
that Mr. Layng's Euclid will become a favourite with many teachers."— 
Saturday Review. 

" The special features of the work are the use of symbols, great clearness in 
the arrangement of the argument, and the exercises at the end of each proposi- 
tion, which are those of a practical teacher, who knows the capacity of an ordin- 
aiy schoolboy's intelligence. Those on the deflnitions are especially good, and 
will prove most suggestive to young and inexperienced teachers." — Spectator. 

"The subject is made really interesting as well as instructive. . . . The 
more we have looked into this Euclid the higher has been our appreciation of its 
merits."— School master. 

"This is one of the best Eudids, if not the very best, we have seen. There is 
conciseness in the proofs which we have not yet met with, and the fact that the 
text is so arranged that the enumeration, figure, and proof of each proposition 
are all on view together, must prove of great assistance to the student There 
are also many additional examples, from easy to rather difficult, which add still 
further to the value of the work. We need scarcely add that the printing is 
excellent. "—CI vii Service Gazette. t' b 

wli '^*°®^^* approach we have met with to the royal road to learning Euelidt 
fSSS^ty ^?T^^^i ^^ ^« ^^^^ any wliose lot it is to teach or study this 
subject to put himself into possession of a copy at once."~Teacher»' Aid. 
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MATHEMATICS— Continued. 
Blackie's Euclid and Mensuration for Beginners. The 

first two books of Euclid (with Exercises), and easy Exercises in 
Mensuration (with Answers). Cloth, 6rf. 

"Those who want a useful class-book for the subjects mentioned, and are 
pressed in point of price, may go farther and fare much worse. We can heartily 
recommend this Euclid and Mensuration to our readers." — Schoolmaster. 

Elementary Mensuration, Links, Surfaces, and Solids. With 
Numerous Exercises. By J. Martin. F'cap 8vo, cloth limp, lOrf. 

" This will be a useful book in schools in which elementary mensuration is 
systematically taught." — School Guardian. 

" A valuable manual of mensuration. It pretends to nothing beyond the plain 
rules of measuring; but as a practical guide to the measurements of everyday 
life it will be found all that could be desired. The rules are plain, the illustra- 
tions simple, and the exercises sufficiently numerous and varied to insure a 
thorough understanding of the subject."— Educational News. 

Preliminary Aleebra. By R. Wykb Bayliss, b.a., Vice-Principai 

of the United Service Academy, Southsea, formerly Scholar and 
Prizeman of Peterhouse, Cambridge. F'cap 8vo, cloth, 2«. 

" It is one of the most concise, compact, and practical elementary handbooks 
of algebra to be met with."— The Bookman. 

"This is distinctly a modern treatment of algebra. There is a freshness about 
the volume which pleases us. In his treatment of factors the author has put 
things so plainly that the student who does not understand the subject cannot 
fail to get help here. In fact, all through the book methods are explained and 
examples given which will prove of inestimable value to those weak in this sub- 
ject. For elementary school use and preliminary purposes it is tlie book to 
adopt"— Teacher's Aid. 

" A capital Uttle text-book, copiously supplied with definitions explanations, 
and examples— worked and unworked.' —Board Teacher. 

"Teachers of elementary mathematics should make a point of seeing this 
book."— Schoolmaster. 

"The explanations are brief but clear, and the exercises thereon abundant"— 
Academical Review. 

Algebraic Factors. How to Find thbm and how to Use thkm ; 
Factors in the ]i)xamination Boom. By Dr. W. T. Knight. F'cap 
8vo, cloth, 28. Key, 8«. 6d 

" There is no doubt that a knowledge of algebraic factors is of the greatest 
importance to a beginner in mathematics, and in Mr. Knight's little volume the 
student will find an excellent manual for every-day practice. It certainly does 
justice to the subject, and may be confidently recommended."— Educational 
Times. 

"This book—the general plan of which is to show the most useful methods of 
obtaining factors, and to illustrate the more impoi-tant uses to which they can he 
put— will prove invaluable to young students. The formula; are well arranged, 
with due regard to their comparative difficulty, and are applied first to simple 
expressions, and afterwards to those of a more intricate character."— School 
Quardiait.- 
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UATEEMATIGS— Continued. 

Algebra: xjp to and Including Progbessions and Scales of 
Notation ; for Schools, Science Classes, Pupil-Teachers, Students, 
&c. By J. G. Kerr, m.a., Headmaster of Allan Glen's Technical 
School. F'cap 8vo, cloth, 2s. 6d, 

"A well-arranged, clear, and useful little book."— Athenaeum. 

" The book is admirably arranged, well printed, and answers to the ' two-hours' 
papers' are given at the end."— Journal of Education. 

"Tlie distinctive feature of this algebra is the way in which explanations and 
examples are combined. The steps taken are easy and carefully graduated. A 
pupil might take up the book and almost without the aid of a teacher, go 
through it from beginning to end. It Includes all that is necessary for any 
examination in elementary algebra, up to and including quadratics, progressions, 
ratios, and scales of notation. The explanations are remarkably clear and con- 
cise, and the examples varied and plentiful. We have had great pleasure in 
examining the work, and can cordially recommend it."— Practical Teacher. 

Elementary Algrebra. From Notation to Easy Quadratic Equa- 
tions. F'cap 8vo, cloth, Is. 6rf. With Answers, 2a. 

" A very good book indeed. . . . The examples are numerous and the explana- 
tions clear."— Schoolmaster. 

"There is a large and good collection of exercises, several worked out for 
illustration, numerous test papers and answers. The book is neatly got up, and 
the compiler has made a judicious selection of book work. "—Academy. 

" It is simple all the way along, and the exercises are not stiflf beyond the usual 
level of the examinations. There is a good supply of test papers."— School 
Board Guardian. 

" As an introduction to the science, for both elementary and secondary schools, 
it would be difficult to find one of equal merit."— Schoolmistress. 

Blackie'S Algrebra for Begrinners. From Notation to Simple 
Equations and Square Root. With Answers, cloth, 6d, 

"The simple explanations and abundant examples supply ample means for 
giving an excellent grounding in elementary algebra. Answers are appended at 
the end of the book. We wish the work the success that it well deserves."- 
Schoolmaster. 

Mathematical Wrinkles for Matriculation and other 

Exams. Consisting of Six Sets of London Matriculation Papers in 
Mathematics, with full Solutions. By Dr. W. T. Knight. Fcap 
8vo, cloth, 28. 6d. 

" The work is thoroughly done, and the result is a book likely to be very ser- 
viceable to students."— Academy. 

"The utility of such a work as this to matriculation candidates is obvious, and 
we are of opinion that it will prove equally valuable to students preparing for 
any examination in elementary mathematics."— School Guardian. 

V. "i* •_; J^^^^ ^® °' ^®**^ service to those who, having studied from the text- 
books, with or without the aid of a teacher, are desirous of forming a fairly correct 
Mtimate as to the difficulty of the subject, and their ability to pass through it"— 
Board Teacher. ^ *' ~o 

"A book of 'reminders' and 'suggestions'."— Journal of Education. 

Digitized by V^OOQ IC 



BLACKIE AND SON'S SCIENCE CATALOGUE. 19 



MATHEMATICS— Continwd, 
Elementary Text-Book t)f Trigronometry. By R. H. 

PiNKERTON, B.A., Balliol College, Oxford; Lecturer, University 
College, Cardiff. F'cap 8vo, cloth, 2s. 

" An excellent elementary text-book likely to be found very useful as a means 
of preparing for examinations. . . . The exposition and demonstration of 
principles are remarkable for clearness and fulness, the work favourably con- 
trasting in this respect with the text-books of former days."— Athenaeum. 

" It everywhere shows evidence of thoughtful arrangement, and is not by any 
means a rechauffe of previous works on the subject. . . . Clearness of 
arrangement and of exposition commend the work to students who are reading 
up for the science and art and similar examinations." — Academy. 

" Seems well adapted for 'students preparing for University pass examinations, 
and other examinations in which elementai7 trigonometry is needed'. We have 
not detected any want of accuracy In its pages."— Saturday Review. 

" We have little but praise to give Mr. Pinkerton's little book, treating, as it 
does, in a lucid form, of plane trigonometry as now taught. One excellent 
feature is the number of numerical examples supplied in it."— Knowledge. 

An Introduction to the Differential and Integrral Cal- 
culus. With examples of applications to Mechanical Problems. 
By W. J. Millar, c.e. F'cap 8vo, cloth, Is. Qd. 

" Will be helpful to engineering and mechanical students who have not the 
time, nor perhaps the mathematical ability for advancing further into the 
subject. "—Academy. 

"It is clearly written, the examples are well chosen, and it is on the whole 
wonderfully accurate. . . . We cordially hope that the little book may attain its 
object of smoothing and rendering attractive to practical engineers the rather 
forbidding pathway leading to the higher mathematics."— Nature. 

" His explanations of the elementary principles of the calculus are clear, his 
illustrations well chosen. . . . The book is pre-eminently a pleasant, handy, and 
useful compendium." — Journal of Education. 

" This little treatise is worthy of the attention of mathematical students ;. its 
merits are the simplicity of treatment, and the practical character of the ex- 
amples. "—Schoolmaster. 

"This little book is deserving of recognition from engineer students, because 
it embodies an effort to provide them with ' an outline of the principles of the 
calculus ', and examples of these principles similar to those likely to occur in 
practice. The value of such a work has long been admitted. ... It is practical 
from beginning to end."— Engineer. 

"A safe and easy introduction to our best works on mechanical philosophy, 
and ought to And a place in every engineer's library . . . the cheapest eighteen 
pence worth of pure and applied science recently published in the United King- 
dom." — Indian Engineer. 

Examination Arithmetic: Containing 1200 Arithmetical Pro- 
blems and Exercises (with Answers). Classified by T. S. Harvey. 
Cloth, 2«. Key, containing the Problems fully worked out, cloth, 
4«. 6d. 

"We have no hesitation in saying that of all the examination arithmetics 
which have come under our notice— and they are not a few— this is by far the 
best."— The Practical Teacher. 
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MATHEMATICS— (7ow/mM^(^. 

Mercantile Arithmetic for Comnvercial and Continnation Classes. 
By E. T. Pickering, Accountant to the Birmingham School Board, 
formerly Lecturer on Mercantile Arithmetic at the Birmingham and 
Midlands Institute. Fcap 8vo, Is. 6d. 

" It is thoroughly practical, aud in the explanations there is no waste of words, 
The author is particularly lucid in his explanations of stocks and shares, foreign 
exchanges, and the metric system."— Glasgow Herald. 

" Mr. Pickering's book will prove a treasure for those for whom it is intended." 
—Capitalist. 

" This book is an invaluable addition to the enormous library of arithmetical 
treatises."- Educational News. 

" As a preparation for a commercial life we know of no better book on this 
subject in the market, and teachers who are conducting classes under the County 
Councils in commercial subjects will find the materials of Mercantile Arithmetic 
all ready to their hands. We heartily recommend it to the profession."— School- 
master. 

A Practical Arithmetic on an entirely new method for Schools, 
Colleges, and Candidates preparing for Civil Service, University 
Local, and other Examinations. By John Jackson. Third Edition. 
416 pp., f* cap 8vo, cloth, 4«. 

" From the beginning to the end not fanciful quibbles, but operations of con- 
stant occurrence in business transactions are provided for the student. - The 
book is a mine of examples."— Educational News. 

" The new methods of working long division and proportion here set forth will 
be found invaluable."— Educational Times. 

"This book . . . deserves to be commended as eminently practical and 
scientific. . . . The rules laid down are lucid, and the methods exemplified 
are simple in the extreme. . . . It is altogether a very carefully prepared 
educational manual, which we can thoroughly recommend to students of arith- 
metic."— Civil Service Gazette. 

" Any person who desires to become a good practical arithmetician, or to take 
a respectable place at a public competition, should lose no time in procuring a 
copy." — Irish Teacher. 
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